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PREFACE 

This  design  plan  describes  the  hermaphroditic  connector  plug 
and  bulkhead  receptacle  that  is  being  developed  for  the 
Center  for  Communications  Systems,  Multichannel  Transmission 
Division,  CORADCQM,  by  ITT  Electro -Optical  Products  Division 
under  contract  DAAB07-78-C-2922. 


This  plan  describes  the  recommended  design  for  the  develop¬ 
ment  of  a  suitable  jewel  ferrule  connector  for  terminating 
a  ruggedized  six-channel  fiber  optic  cable  for  tactical 
field  use. 

The  design  and  development  effort  described  herein  was 
subcontracted  to  ITT  Cannon  Electric  Division  under  ITT  EOPD 
Interworks  Agreement  A10208. 


Roanoke,  Virginia. 
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SUMMARY: 


The  plan  is  to  design  a  hermaphroditic  connector  which  will 
terminate  six  (6)  channel  cable  developed  for  this  contract. 

The  connector  and  cable  will  be  designed  so  that  eight  (8) , 
one-kilometer  cable  assemblies  in  tandem  will  transmit 
signals  without  the  use  of  repeaters.  The  cable  plug  shall 
be  hermaphroditic  and  the  receptacle  shall  terminate  six  (6) 
channel  cable  same  as  the  plug.  3oth  will  be  used  in  tactical 
time  division  multiplex  communications  systems.  Operation 
will  be  at  selected  wave  lengths  from  6,000  to  10,600  angstroms 
for  both  analog  and  data  transmission  with  data  rates  to  20 
megabits  per  second,  per  kilometer.  The  cable  will  be  manu¬ 
factured  in  one(l)  kilometer  lengths  and  have  a  maximum 
attenuation  of  5dB  per  kilometer.  The  connector  coupling 
loss  °joal  is  l.OdB  for  plug  to  plug  connection  and  1.5dB 
for  plug  to  receptacle  connections .  Based  on  the  critical 
design  review,  held  at  ITT  Cannon  Electric  in  July  of  1979, 
a  jewel/ ferrule  alignment  concept  will  be  used  for  the  remain¬ 
der  of  this  contract.  The  capabilities  of  the  jewel/ ferrule 
alignment  concept  will  be  covered  in  the  background  data 
section  of  this  plan.  The  connectors  will  be  designed  for  use 
in  tactical  field  conditions  and  therefore  be  rueged,  easy  to 
couple  and  uncouple,  be  coated  with  a  non-reflective  finish 
which  is  environment  resistant,  and  sealed  so  that  it  will  not 
allow  water  to  enter  the  connector  or  the  cable  end. 

OBJECTIVES : 

The  design  objective  is  to  meet  or  exceed  the  requirements  for 
hermaphroditic  cable  plug  and  bulkhead  mount  receptacle  as 
stated  in  the  Technical  Guidelines,  Ultra  Low  Loss  Optical 
Fiber  Cable  Assemblies ,  ITT-EOPP  Interworks  Agreement  *A10208 . 

The  design  plan  will  address  the  requirements  in  the  order  listed. 
Conformance  to  and  deviation  from  the  technical  guidelines  will 
be  addressed,  in  this  design  plan,  on  every  requirement  with 
background  data  to  support  major  design  features. 

FIELD  REPAIR: 

A  connector  will  be  designed  which  is  capable  of  assembly  to 
the  cable  by  trained  technicians  in  a  depot  or  mobile  repair 
van.  The  design  shall  not  require  the  use  of  molding  or  potting 
techniques  for  accomplishing  the  assembly.  Termination  costs, 
complexity,  reliability,  ease  of  assembly,  and  performance 
will  be  considered.  Ref:  Cable  Termination  Procedure-para.  3.0 

CABIE  PREPARATION: 

Reference  cable  termination  procedure.,  paragraph  3.0 


(1) 
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CA3LE  STRAIN  RELIEF: 


The  connector  design  will  contain  a  cable  strain  relief  and 
strength  member  clamp  which  will  isolate  the  optical  fibers 
and  connector  termini  from  direct  tensile,  torsional,  and 
bending  forces  applied  between  the  connector  and  cable.  The 
cable  clamp  will  incorporate  a  taper  fit  clamp  and  ring  which 
will  capture  the  kevlar  strength  member  of  the  cable.  The 
inner  clamp  provides  a  radius  about  which  the  kevlar  is  dressed. 
The  outer  ring  fits  over  the  inner  to  capture  the  kevlar. 

This  clamp  has  been  tested  with  ITT-EOPD  cable  design  III 
and  proved  to  hold  more  than  the  181.44  kg  (400  lbs) 
required.  The  connector  clamp  nut  will  prevent  loosening 
from  vibration,  temperature  extremes,  or  shock.  Ref:  figure 
I- a;  additional  reference  to  the  kevlar  clamp  may  be  found  in 
paragraph  4 . 2 

The  cable  grip  (fig.  I-b)  will  provide  resistance  to  cable 
twist  and  forces  which  tend  to  push  the  cable  towards  the 
interface  of  the  connector.  It  clamps  onto  the  jacket  of 
the  cable  as  the  slotted  fingers  are  forced  inward  by  the 
taoered  inside  diameter  of  the  nut.  The  closed  diameter  of 
the  fingers  is  controlled  to  prevent  toaauch  or  too  little 
clamping  force  by  bottoming  the  nut  against  the  clamp  bushing. 
The  cable  grip  will  be  modified  from  previous  designs  so  that 
all  clamping  action  will  be  pterformed  prior  to  insertion  into 
the  connector  shell.  This  will  simplify  the  assembly  and 
dis -assembly  of  the  connector.  The  strain  relief  spring, 
fig.  I-c,  will  be  designed  to  prevent  cable  damage  when  flex¬ 
ure  occures  at  the  cable  exit  of  the  connector.  The  spring 
will  be  improved  over  previous  designs  to  provide  greater 
resistance  to  bending.  A  chamber,  fig.  I-d,  between  the  rear 
of  the  terminus  assembly  and  the  end  of  the  cable  jacket  will 
be  designed  to  allow  movement  of  the  jewel /ferrules  rearward 
during  macing.  The  chamber  will  also  allow  for  fiber  pull 
back  when  the  tensile  load  is  applied  to  the  cable,  as  was 
observed  in  previous  cable  retention  tests.  This  "flex 
chamber"  will  allow  for  relatively  large  bend  radius  of 
the  moved  fiber  in  order  to  reduce  macro  bend  losses.  Exact 
length  of  Che  flex  chamber  will  be  determined  from  fiber  flex 
test  data  and  overall  connector  length  considerations. 

Reference:  Background  Data,  paragraph  4,2 

MATING  CHARACTERISTICS- 

The  mating  faces  of  the  connector  shall  be  optical  with  mini¬ 
mal  cross-talk  between  adjacent  optical  paths  and  coupling 
loss  between  connectors.  The  optical  mating  faces  willbe 
suitably  protected  to  prevent  permanent  degradation  or  light 
transfer  between  mating  connectors  as  a  result  of  repeated 
matings  and  unmatings ,  exposure  to  moisture,  water  immersion, 
dirt,  dust,  sand,  salt  spray,  and  temperature  extremes.  The 
interface  of  the  jewel /ferrules  will  be  washable  with  water 
or  lens  cleaning  fluid.  It  shall  not  be  readily  excessible 
to  brushes,  cotton  tip  applicators,  cloths,  probes,  or  other 
cleaning  devices  which  could  scratch  or  chip  the  ends  cf  the 
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fibers.  In  event  foreign  matter  enters  the  guide  sleeve  of 
the  terminus ,  which  cannot  be  washed  out,  the  connector  can 
and  should  be  disassembled  by  a  trained  technician,  fiber 
ends  cleaned  and  inspected  for  damage  and  then  reassembled. 
3ecause  of  the  si2e  and  position  of  the  male  and  female  sleeves 
in  the  connector,  only  extreme  misuse  would  cause  this  con¬ 
dition.  The  interface  is  scoop  proof  and  the  termini  are 
protected  by  the  shell. 

2.4.1  Connector  Plug,  Hermaphroditic: 

The  connector  mating  face4and  positive  locking 
coupling  device  will  be  completely  hermaphroditic 
to  permit  termination  of  both  ends  of  the  cable 
with  identical  connectors.  The  coupling  device 
will  turn  with  respect  to  the  connector  shell. 

The  coupling  mechanism  will  be  one -quarter (%) 
turn  ramp  coupling  nut  and  anti-vibration  posi¬ 
tive  clicking  device  incorporated  with  it.' (fig.  I-e) 
The  coupling  mechanism  is  currently  being  used  in 
another  military  connector  manufactured  by  ITT 
Cannon  Electric . 

2.4.2  Bulkhead  Receptacle  Design  Objectives: 

The  mating  characteristic  of  the  mated  bulkhead 
receptacle  will  be  essentially  the  same  as  stated 
for  the  cable  plug  with  exception  that  the  coupling 
device  will  not  be  free  turning  with  respect  to  the 
connector  shell.  The  receptacle  shall  have  a  bulk¬ 
head,  D-hole  type  mounting  with  jam  nut,  lock  washer 
and  "0"  ring  panel  seal.  The  receptacle  will  mount 
in  a  maximum  .0064  meter  (.250  inch)  thick  panel. 

The  bulkhead  receptacle  will  terminate  same  cable 
as  the  cable  plug.  This  configuration  is  not  required 
by  the  technical  guide  lines  but  makes  environmental 
testing  easier  to  accomplish.  The  fibers  therefore 
will  not  be  individually  removable.  The  desien  does 
allow  for  "pigtail"  fiber  termination  with  exchange 
of  cable  clamp  hardware  for  a  larger  opening  clamp 
nut  and  sleeve.  No  moisture  seal  would  be  included 
in  the  "pigtail"  fiber  termination  version. 

MATERIALS  AND  FINISHES: 

The  material  and  finishes  for  plug  and  receptacle  will  be  as 
follows : 
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2.5.1  Shell  Hardware: 

Aluminum  with  cadmium  over  nickel  placing. 

6000  series  aluminum  was  chosen  based  on 
its  high  corrosion  resistance,  good  strength 
which  can  be  increased  by  heat  treatment, 
easy  formability  and  machinability ,  and 
availability.  The  finish,  cadmium  .0004 
minimum  thick  over  electroless  nickel  .0003 
minimum  chick,  was  chosen  for  corrosion 
resistance.  This  is  the  same  finish  which 
is  used  on  military  connectors  made  by 
Cannon  Electric  and  has  proven  to  exceed 
the  48  hr.  salt  spray  requirement  of  the 
technical  guide  lines .  An  olive  drab  chromate 
finish  over  the  cadmium  makes  the  connector 
suitable  for  military  field  use. 

2.5.2  Terminus  Components : 

("Clicker"  hardware,  spacer  post,  and  strain 
relief  string):  Corrosion  Resistant  Steel, 
Passivated.  300  series  corrosion  resistant 
steel  was  chosen  for  strength  and  corrosion 
resistance  -in  an  unplated  state.  The  terminus 
design  requires  very  tight  tolerance  and  sees 
a  frictional  force  during  the  mating  and  un¬ 
mating.  A  plated  surface  would  exhibit  high 
wear  and  possible  flaking  to  contaminate  the 
interface  of  the  fibers.  "Clicker"  hardware 
sees  very  high  forces  during  mating  and  would 
effect  performance  after  the  required  1,000 
cycles  durability  and  48  hrs.  salt  spray. 

The  spacer  post  may  be  changed  after  aluminum 
stress  analysis  is  performed  on  the  assembly. 

The  strain  relief  spring  is  easily  formed  with 
corrosion  resistant  steel  wire  and  has  proven, 
on  previous  design,  to  be  functional. 

2.5.3  Grommet  and  "0"  Rings -Silicone  Rubber: 

Chosen  for  its  large  range  of  service  temperature 
particularly  the  low  temperature  requirement  of 
-57°  C.  ,  silicone  rubber  also  provides  very 
good  sealing  properities  in  static  seals  such 
as  is  found  in  this  design.  The  40  durometer 
silicone  rubber  used  in  the  grommet  provides 
a  seal  which  also  does  not  restrict  the  alignment 
of  the  terminus  sleeves. 


A- 9 

(4) 


r 


-a 


2.5.4  Cable  Grip: 

Beryllium  copper  with  cadmium  over  nickel 
plating .heat  treated  to  spring  temoer. 

Chosen  for  ease  of  manufacture  in  the  half 
hard  state,  and  spring  quality  in  the  heat 
treated  state.  The  cable  grip  sees  limited 
wear  and  therefore  plating  does  not  cause 
functional  problems. 

2.5.5  Lock  Washer  -  Internal  Tooth: 

Phosphor  bronze  with  cadmium  plating. 

Chosen  because  of  availability  and  proven  use. 
Phosphor  bronze  has  spring  qualities  when  cold 
worked  and  is  highly  resistive  to  corrosion 
from  salt  spray.  Cadmium  adds  to  this  corrosion 
resistance . 

2.5.6  Jewel/Ferrule  -  Ruby  or  Saphire: 

Chosen  as  a  bearing  interface  materia L  which 
is  manufactured  to  very  tight  tolerances  both 
in  size  and -concentricity.  Jewels  are  purchased 
in  various  inside  diameters  so  that  by  select¬ 
ing  the  size  hole  which  closely  matches  the 
fiber  diameter  the  concentricity  between  fiber 
and  ferrule  can  be  maintained. 

2.5.7  Epoxy : 

The  present  epoxy  being  used  to  terminate 
jewel/ferrule  is  Enotek  ?>331,  but  it  is 
planned  to  cry  powdered  epoxy  pellets  co 
improve  the  termination  process. 

3.0  CA3LE  TERMINATION  PROCEDURE: 

Cable  termination  for  this  connector  is  a  relatively  simple 
process.  The  facet  that  tends  to  complicate  it  lies  in  the 
fact  that  all  six  (6)  fibers  must  be  terminated  the  same  length, 
and  therefore  one  imperfect  termination  makes  it  necessary  to 
re-terminate  the  others.  Service  looos  in  this  fiber  causes 
bend  radiation  loss  which  is  reported  in  section  4.2 

The  basic  cable  termination  procedure  will  follow  these  steps: 

Step  1:  Identify  hardware  and  inspect  for  general  condition 

and  quantities. 

Step  2:  Clean  outer  jacket  of  the  cable  up  to  two  (2)  meters 
from  the  square  cut  end. 

Step  3:  Assemble  the  hardware  onto  the  cable  in  the  followine 
order.  a- 10 
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Clamp  nuc,  strain  relief  spring  and  clamp  backplate 
assembly,  large  and  small  "0"  rings,  flat  washer, 
cable  grip  and  clamp  assembly,  and  spacer  assembly. 

Push  all  this  hardware  down  the  cable  and  tape  in 
place  one  and  one-half (1%)  meters  from  the  end  to 
keep  it  out  of  the  way. 

Step  U:  Trim  back  outer  polyurethane  jacket  kevlar  strength 
member  and  polyurethane  inner  jacket  a  predetermined 
length  expos ine  the  six  (6)  buffered  fibers  and  a 
center  spacer  the  same  size  as  the  buffered  fibers. 

Cut  back  the  center  spacer  and  make  sure  all  fibers 
are  the  same  length. 

Step  5:  Terminate  one  fiber  complete  at  a  time.  Assemble  the 
terminus  rear  body  and  spring  onto  the  buffered  fiber 
and  tape  them  back  away  from  the  end.  Strip  buffer 
from  fiber,  clean  the  exposed  fiber, assemble  a 
ferrule (with  the  smallest  jewel  which  will  fit)  on 
the  fiber  and  epoxy  in  place.  Grind,  polish,  and 
inspect  end  of  fiber.  Ref:  section  5.0 

Step  6:  Assemble  ferrule  "0"  ring  on  to  ferrule  and  sleeve 
over  assembly  to  protect  end  face  of  fiber. 

Step  7:  Terminate  all  six  fibers  the  same  as  steps  5  and  6. 

Step  8:  Measure  from  back  of  terminus  to  jacket  and  mark. 

Trim  outer  polyurethane  jacket  back  to  expose  the 
kevlar  strength  member  of  the  cable.  (Note:  Take 
care  not  to  cut  the  kevlar  as  this  effects  the  ultimate 
strength  of  the  assembly.) 

Step  9:  Untape  the  clamp  hardware  from  the  jacket  and  bring 

the  spacer  assembly  and  cable  grip  and  clamp  assembly 
up  towards  the  termini.  The  kevlar  must  be  brought 
back  of  the  clamp  ring  portion  of  the  spacer  assembly 
and  dressed  around  the  kevlar  clamp.  Press  the  clamp 
and  ring  together  lightly  and  insure  even  distribution 
of  kevlar  around  the~clamp. 

Step  10:  Assemble  termini  into  backplate  slots  arranging  male 

and  female  sleeves  into  their  proper  positions.  Slic'e 
terminus  collar  over  the  front’  of" the  termini  then 
assemble  the  connector  grommet  over  all  termini. 


Re-check  position  of  dressed  kevlar  strands  then  res id 
the  cable  ir.  relation  to  the  spacer  assert'd'-*  so  that 
the  proper  service  bend  exists.  Press  kevlar  clamp  and 
ring  together.  Using  standard  wrenches,  tighten  cable 
grip  onto  cable  making  sure  no  slack  exists  in  the 
exposed  kevlar.  The  hex-nut  should  be  bottomed  against 
the  kevlar  clamp. 
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4.0 


4.1 


Step  12:  Bring  remaining  hardware  up  to  cable  grip  hex-nut 
and  slide  the  assembly  into  the  connector  shell. 

Keys  in  the  shell  will  align  the  terminus  backplate 
and  hold  the  clamp  backplate  when  the  clamp  nut  is 
tightened. 

Step  13:  Inspect  cable  interface  to  assure  terminus  orientation 
and  position.  Tighten  clamp  nut. 

*  Termination  procedure  of  jewel/ferrule  is  described  in 

detail  in  section  5.2 

BACKGROUND  DATA  SUMMARY: 

This  connector  is  being  designed  by  taking  the  results  of 
tests,  conducted  on  other  connectors  and  cable,  and  applying 
the  knowledge  gained  to  its  best  application.  The  present 
program  follows  many  others  dealing  with  fiber  optic  connectors 
and  fiber  optic  cable.  The  data  following  reflects  this  history. 


JEWEL / FERRULE  ALIGNMENT  CONCEPT: 


The  cable  chosen  for  this  program  is  a  six-channel  fiber  optic 
cable.  Each  fiber  is  a  graded  index  glass  fiber  with  the 
following  dimensions: 


Buffer  diameter 
Fiber  diameter 
Core  diameter 
Numerical  aperture 


1  mm 

125  +  5%  pn 
50  /am 
>•25 


The  jewel/ferrule  alignment  concept  aligns  the  core  of  the  mating 
fibers  and  brings  the  polished  faces  extremely  close  without 
touching.  Since  the  glass  is  brittle,  butting  ends  could  shatter 
during  shock  or  vibration  to  the  connector.  When  the  fiber  end 
is  polished  durinz  the  termination  process,  the  glass  fiber  is 
erroded  away  faster  than  the  jewel  bearing  which  surrounds  it 
leaving  the  fiber  just  below  the  jewel  face.  The  jewel  then 
acts  as  a  bearing  surface  for  the  load  created  by  the  terminus 
spring  which  forces  the  fiber  forward  to  insure  the  proximity 
of  the  ends.  This  system  results  in  extremely  low  gap  loss, 
typically  less  than  .2dB.  The  exact  loss  depends  on  the  amount 
of  polishing  it  receives.  Angular  loss  is  the  second  alignment 
problem.  The  jewel/ferrule  alignment  concent  supports  one 
ferrule  -’.in.  ( .  370  inch)  min.  anc  the  other  ".?3!rtr. 

(.313  inch)  minimum  within  the  male  guide  sleeve,  "ith  a  maxi¬ 
mum  gap,  between  ferrule  and  sleeve, -of  .010mm  (.0004  inch)  the 
result  maximum  anzular  nis-alignment  is  less  than  one  eizth(;l/S) 
of  one  degree  (^1/8P)  a  angular  loss  of  less  than  . 05dBf 
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Lateral  mis -alignment  accounts  for  the  largest  percentage  of 
loss  in  the  level/ ferrule  concept.  The  variation  in  size  of 
the  fiber  does  not  allow  using  one  jewel  hole  diameter  and 
cost  of  purchasing  jewels  in  one  micron  increments  is  not 
practical  on  a  production  basis,  therefore  the  figures  listed 
below  reflect  maximum  gap  between  fiber  and  jewel  with  jewels 
sized  in  five  (5)  micron  increments.  The  other  figures  are 
based  upon  standard  jewel/ ferrule  component  tolerances  of  parts 
being  used  by  ITT  Cannon  Electric  at  the  present  time. 


Max.  jewel  hole  to  fiber  O.D.  gap 
Jewel  I.D.  to  O.D.  T.I.R. 

Ferrule  I.D.  to  O.D.  T.I.R 

Ferrule  O.D.  to  male  guide  sleeve  gap 


5  pm 
3  pm 
10  pm 
10  uni 


28  j'"*' 


Statistically  the  most  probable  excentricity  is  L: 

L  ,  [52  +  32  +  i02  +  i02]l  15.3 

pm 

This  corresnonds  to  a  fiber  core  displacement  of  317,  and  a 
lateral  alignment  loss  of  2. ldB.  *  The  total  extrinsic 
loss  of  the  connection  using  the  jewel/ ferrule  alignment  concept 


dB 

Gap  Loss 

<  .20 

Angular  Loss 

<  .05 

Laterial  mis¬ 
alignment  loss 

2.10 

Fresnel  Loss 

.30 

<  2.65 

*  Improved  performance  is  possible  thru  closer  jewel  fiber 

sizing  and  improvement  of  ferrule  and  guide  sleeve  manufacturing 
tolerances.  As  part  of  this  proszram,  Cannon  Electric  will 
investigate  manufacturing  processes  which  will  lessen  the 
lateral  misalignment  losses. 


**  Fresnel  loss  is  inherent  in  all  fiber  connections  which  cc 
use  an  index  matching  liquid  or  anti-reflection  coating  on 
fiber  ends  and  are  not  used  in  this  design. 
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(Cone ' d) 

4.1  Conclusion: 

Less  chan  ldB  as  a  goal  for  the  jewel/ ferrule  alignment  concept 
is  not  practical  but  less  than  2d3  is. 

4.2  FLEX  CHAMBER  DATA: 

The  connector  flex  chamber  design  is  based  upon  testing  done  at 
the  start  of  this  program  and  testing  done  as  part  of  other 
programs  The  following  quotes  are  from  the  final  technical 
report,  "Connectors  for  Qotical  Fiber  TDM  Cables",  R&D  Technical 
Report-ECOM  DAA7-76-1357-1. 

”4.3.3)  FIBER  3END  RADIATION  LOSS  EVALUATION 

The  need  to  determine  the  attenuation  as  light  propagates  through 
a  curved  fiber  is  due  to  the  connector  functional  design" 

"  As  two  connectors  are  mated,  a  means  must  be 
provided  to  accumulate  the  varying  manufacturing  dimensional 
tolerances  of  the  mating  components.  Two  basic  design  require¬ 
ments  coexist:  1)  the  mating  fibers  must  abutt  each  other  with 
minimum  separation  and , therefore ,  must  be  spring  loaded  to 
accummulate  mating  hardware  tolerances  (shells,  coupling  nuts) 
and  2)  the  cable  strength  member  (Kevlar  strands)must  be  clamped 
at  the  rear  of  the  connector  —  Since  the  cable  cannot  move  rela¬ 
tive  to  the  connector  body  (due  to  clamping  of  the  Kevlar) , 
and  the  ferrules  compress  their  springs  upon  mating;  the  fiber 
between  the  rear  of  the  ferrule  and  the  Kevlar  clamp  position 
must  be  allowed  to  flex.  This  portion  of  the  connector  is  refer¬ 
red  to  as  the  flexure  chamber."  (Refer  to  section  5.0  fig.  I-d 
for  drawings  of  the  flexure  chamber) . 

"As  the  project  progressed,  it  was  recognized  that  considerable 
attenuation  was  caused  by  the  flexure  chamber  concept.  The 
design  of  the  six-channel  connector's  flex  chamber  (it's  length) 
was  based  upon  testing  a  sample  ITT  fiber,  early  in  the  project. 
This  turned  out  to  be  in  error  due  to  variations  in  numerical 
aperture  of  subsequent  fibers.  The  attuation  is  a  function  of 
the  N.A.  as  well  as  the  bend  radius.  The  curves  of  fig. 'ten  & 
eleven  (11)  represent  the  significant  data  empirically  produced 
with  55/125yumITT  fiber.  The  flex  chamber  length  can  be  deter¬ 
mined  through  use  of  this  data  and  budgeting  of  the  allowable 
extrinsic  coupling  loss." 

"  The  coordination  was  accomplished  and  ITT  cable  design  III  was 
tested  for  retention.  The  cable  strength  member  was  terminated 
to  an  actual  six-channel  connector;  the  ferrules  were  omitted 
ar.d  the  fibers  were  allowed  to  extend  through  the  connector , 
exposing  then.  The  shell  of  the  connector  was  machined  to 
provide  windows  to  view  the  kevlar  clamp  and  fibers  during  the 
test.  Standard  tension  testing  equipment  and  techniques  were 
employed.  The  termination  design  met  specification  by  holding 
at  400  pounds . 
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"The  load  was  increased  in  100  pounds  increments ;  fiber  movement 
was  noticed.  The  cable  stretches  under  load  (kevlar  is  rated 
at  ITi  elongation  at  500  pounds)  causing  the  fibers  to  unwind 
from  their  helically  wrapped  position.  The  fibers  moved  aft 
within  the  connector  0.075  inch  at  400  pounds  as  the  cable 
stretched  behind  the  connector.  Because  of  this  movement,  it 
was  decided  to  provide  a  fiber  service  length  of  0.200  inch 
within  the  flex  chamber  to  preclude  the  ferrules  from  being 
pulled  upon  and  separating." 
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VISUALIZATION  DATA: 

FIGURE  I 
FIGURE  II 


FIGURE  III 


CONNECTOR  PLUG,  HERMAPHRODITIC 
CONNECTOR  PLUG,  BULKHEAD  RECEPTACLE 
TERMINUS  ASSEMBLY 
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|  PARTS  LIST: 

PGR:  111270-0003 
CABLE  PLUG 

! 

I 

ITEM 

j  SHELL  PLUG  1 

COUPLING  HUT  2 

CLAMP  HUT  2 

GROMMET  4 


3ACXPLATE ,  TERMINUS  5 

I  PIS,  SPACER  (3x)  6 

CLAMP  SLEEVE  7 

j  KEVLAR  CLAMP  3 

WASHER  9 

'  CABLE  GRIP  HEX  NUT  — -  10 

CLAMP  BACKPLATE  11 

STRAIN  RELIEF  SPRING  12 

RING,  CLICKER  RETAINER  13 

TERMINUS  COLLAR  1^ 

CABLE  GRIP  15 

O-RING,  CABLE  16 

O-RING,  SHELL  17 

1  WASHER.  LOCKING  CLICKER  18 

SPRING,  WAVE  19 

r  MALE  TERMINUS  20 

p/n  043-9506-001 

i  FEMALE  TERMINUS  21 

—  -  *  r  n  ^  * 


I 
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I 
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PARTS  LIST 

PCR:  111271-0003 

RECEPTACLE 


ITEMS 


SHELL,  RECEPTACLE 

1 

GROMMET 

0 

4m 

SACKPLATE,  TERMINUS 

3 

PIN,  SPACER  (3x) 

4 

CLAMP  SLEEVE 

5 

RZVLAR  CLAMP 

6 

WASHER 

7 

CABLE  GRIP  HEX  NUT 

8 

CLAMP  BACKPLATE 

9 

STRAIN  RELIEF  SPRING 

10 

NUT,  HEX  JAM 

11 

TERMINUS  COLLAR 

12 

CABLE  GRIP 

13 

CLAMP  NUT 

14 

O-RING,  CABLE  #2-107 

15 

O-RING,  SHELL  #2-119 

16 

O-RING,  MTG  #2-133 

17 

LOCXWASHER  #1954-00 

18 

MALE  TERMINUS 
p/n  045-9506-001 

19 

FEMALE  TERMINUS 
p/n  045-9505-001 

20 
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?arts  list 

j  ~0R;  04.5-0506-001 

<  I  TERMINUS  ASSEMBLY.  MALE 

U 

)  1  ' 

SLEEVE,  MALE 

^  BODY,  REAR 

I  O-RING  #2-003 

j  SPRING 

I  |  JEWEL/FERRULE  ASSEMBLY 


1 

2 

3 

4 

5 


I 
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PARTS  LIST 

FOR:  045-9505-001 

TERMINUS  ASSEMBLY,  FEMALE 


SLEEVE,  FEMALE  1 
BODY  ,  REAR  2 
O-RING  #2-003  3 
SPRING  4 
JEWEL/FERRULE  ASSEMBLY  5 


* 
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The  following  sheets  contain,  the  jewel/ ferrule 
termination  procedures  for  the  three  (3)  series 
of  connectors  produced  by  ITT  Cannon  Electric 
(FOT,  FOS ,  FON)  .  The  procedure  for  termination 
of  the  jewel/ ferrules  for  this  project  will  be 
similar. 


> 


ASSEMBLY  OF  FERRULES  ON  SINGLE  FIBERS 


“prrn  CAN N OM  ciSGTUC 

<U (  :«4il  IIW 


KITS: 


Description 

Part  Numoer 

FOT  Termination  Kit 

320-70C9-000 

FOS  Termination  Kit 

320-7C08OC0 

FON  Termination  Kit 

320-7014-000 

MATERIALS: 

Description 

Part  Number 

FOT 

FOS 

FON 

Adhesive.  Epoxy, 

370-0006-975 

X 

X 

X 

Fiberpotting 

Cleaner  (Acetone 

Not  Supplied 

and  Freon) 

Kim  Wipes 

Not  Sucpliad 

a-Tips 

Not  Supplied 

Spare  Farts  Kit.  FCT 

320-7012-000 

X 

Soars  Parts  Kit.  FOS 

320-701 1-0C0 

X 

Spare  Farts  Kit.  FCN 

320-7015-000 

X 

SCUIPMENT: 

Description 

Part  Number 

Stnppsr.  Fiber 

380-0005-548 

X 

X 

X 

Buffer  (O.OlO'l 

Slue  Handle  For 

’dm m.  Buffer 
Stnppsr.  Fiber 

330-0005-549 

X 

X 

X 

Buffer  i0.0i6'i 

White  Handle  far 

1  mm.  Buffer 

Blades.  Razor. 

980-0005-547 

X 

X 

X 

Single  Edge 

Gun.  Heat.  475 

995-0001-988 

X 

X 

X 

Wans  (110V  AC. 

90  HZ) 

Tool.  Epoxy, 

274-7058000 

X 

X 

X 

Insertion 

Bottles.  Drop 

3680005-550 

X 

X 

X 

Dispenser 

Fixture.  FOS 

1112780000 

X 

Alignment 

Tool.  Strain 

17-1584000 

X 

Relief 

Micrometer, 

Not  Supplied 

Meter 

CABLE  DESCRIPTION: 


FIGURE  2. 


2}  Fiber  Preparation  —  Sutler  removals  accompiisned  by  using 
trie  strioper.  fiber  Suffer  iPIN  380-0005-548  or  980-0005-549.) 
Buffer  stno  lengths  for  single  fiber  connectors  are  as  follows: 

ITT, 'Can  non  Strip 

Connecter  Dwg.No.  Length  ( +  0.030) 

FOT  (plug  ana  iff  0890000  t  * 

receptacle) 

FOS-8  Plug  1172Y  r/a- 

FOS-2  short  111110-0004  1* 

receptacle 

FQSO  long  1173Y  7(8' 

receptacle 

FCN-FJ  111201-0001  7/8' 

3)  011  removal  —  remove  the  silicone  oil  from  the  stripped  fiber 
by  Pipping  it  in  acetone,  wipe  it  clean  with  Kim  Wipes.  Care 
should  be  taken  (from  this  steo  on)  not  to  breek  the  exposed 
fiber. 

4)  Fiber  measurement  —  meesure  the  fiber  diameter  in  mi¬ 
crons  with  a  metric  micrometer. 

5)  Ferrule  selection  —  select  a  isweled  ferrule  whose  graded 
inside  diameter  is  as  close  ‘o  the  fiber  diameter  as  possible. 
The  closer  the  fit.  the  better  the  performance.  The  following 
tabulation  correlates  ferrule  Fart  Na  s  with  connector  types: 

Connector  Ferrule  Part  No. 


FIGURE '. 


•‘FCCSS’JRE: 

1)  Strength  memoer  cable  termination  —  using  razor  slabs, 
remove  outer  and  inner  jacket  of  the  cable.  Do  not  nick 
strength  member.  For  the  FOB  connector,  a  minimum  of  2*  of 
unetnooed  fiber  must  protect  from  the  cable  clamp  memoer. 

CAUTION:  Insure  that  ail  necessary  components  art  installed 
on  the  cable  prior  to  strength  member  termination,  uniformly 
dress  sack  the  strength  member  over  the  strain  relief,  and  in¬ 
stall  the  damp  ring,  using  strain  relief  tool  (PIN  317-1964-000).  A-25 
Sea  Figure  i  82. 


FOT-F-1  070-0037-XXX 

FOT-F-2  070-0034- XXX 

FOS-F  070-0035- XXX 

FON-FJ  070-0038-XXX 

NOTE:  XXX  denotes  jewel  inside  diameter  in  microns. 

NOTE:  The  support  sleeve  (R/N  232- 1 25 1-000!  is  used  inside 
the  FOT-F-1  ferrules  for  v*  mm  buffered  fiber.  (See  Fig. 
3.)  Install  the  support  sleeve,  protecting  approximately 
.280  in  from  the  ferrule  shoulder,  prior  to  the  jewel- 
ferrule  final  assembly. 


"gure:. 
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grinding  ano  poushing  procedure 

FOR  SINGLE  FIBER  TERMINATION 


KITS; 


Description 

Part  Number 

FOTTemuriation  Kit 

320-7009-000 

FOS  Termination  Kit 

320-7008-000 

FON  Termination  Kit 

320-70144)00 

MATERIALS: 

Deacnption 

Part  Number 

FOT  FOS  i 

=ON 

Suspension.  Poiisnmg, 

380-0005-544 

X 

X 

X 

Alumina  1.0  Micron 
(Linde C,  5  FI.  oz.) 

Suspension.  Polishing, 

380-0005-545 

X 

X 

X 

Alumina  .05  Micron 
(Linde  B.  8  Ft.  oz.) 

Bottle.  Droo  Oisoenser 

980-C00S-550 

X 

X 

X 

2) 

Fluid.  Lens  Cleaning 

370-0008-984 

X 

X 

X 

(1  FI.  OZ.) 

Kim  Wipes 

Not  Supplied 

EQUIPMENT: 

Brush,  Cleaning 

980-0005-574 

X 

X 

X 

Disk.  Abrasive 

995-0001-990 

X 

X 

X 

Fixture.  Polishing  FOT 

111258-0000 

X 

Fixture.  Polishing  FCS 

1112594)000 

X 

Fixture,  Polishing  FON 

1112964)00 

X 

Cloth.  Polishing 

980-0005-546 

X 

X 

X 

Texmet 

Block,  Laoping  Base  — 

B 

Block.  Laoping  Base  — 
r 

317-15614)00 

X 

X 

X 

317-1562-000 

X 

X 

X 

Cutter,  Glass  Flbar 

317-15634)00 

X 

X 

X 

(Alumina) 

Microscope.  200X 

995-0001 -9S3 

Optional 

NOTE:  The  following  procedure  applies  to  stepped  and  grad  ad 
index  silica  cora  libera. 

PROCEDURE: 

1)  Claaving  —  Carefully  scribe  the  flbar  projecting  from  the 
face  of  the  epoxied  and  cured  ferrule  with  the  glass  flbar  cutter 
(PfN  317-1583-000).  Sea  Figure  1  for  location  of  the  scribe  marX. 
Break  tha  fiber  gently  by  applying  a  light  force  at  tha  end  of 
tha  fiber,  saa  Figure  t . 


s)  Grinding  —  install  the  ferrule  in  the  appropriate  polishing 
fixture:  P'N  1 1 12S8-0000  for  FOT,  PfN  1 11259-OCOO  for  FOS.  ana 
PfN  111296-0000  for  FON.  NOTE:  For  tne  FCS-2  ferrule:  use  the 
spare  yokes  (P'N  231-3500-001)  and  end  cap  (PfN  025-9552-000) 
to  aaaot  the  ferruie  to  tne  polishing  fixture.  Position  tha  fer¬ 
rules  oer  Figures  3  4  i. 


FIGURE  3. 


if  the  face  of  the  fiber  is  not  perfectly  round  or  is  cracked,  grind 
the  ferrule  using  light,  normal  pressure  on  tha  abraaiva  disk 
(PfN  996-0001-9801  as  shown  in  Figure  5.  Make  sure  the  abra¬ 
sive  disk  is  on  a  flat,  solid  surface.  Use  cutter  during  tha  grind¬ 
ing  process.  Whan  a  round  and  crack-free  full  core  is  obtained, 
gradually  proceed  to  grind  tne  ferrules  in  tha  patterns  shown 
in  Figure  6,  until  tha  fiber  is  flush  with  tha  aurtacs  of  tha  jewel. 

If  tha  cora  observed  In  Step  2  is  round  and  free  of  cracks,  grind 
the  ferrules  on  tha  abraaiva  disk  par  the  pattern  shown  m 
Figure  S,  until  the  fiber  r*  flush  with  tha  surface  of  tha  jewel, 
or  slightly  concave. 


FIGURE  1. 


2)  Cleaned  flbar  examination  —  backlight  tha  opposite  end  of 
the  hber  and  observe  the  cleaved  flbar  using  200X  magnifies- 
•  on.  f  *ne  epoxy  and  swat  s  illuminated  -vitn  acatts'sc  :**. 
-;;«r  j  tracxsa  ssnma  •••  •••.•.-pi.  ■  — :  •»- 

Pises  tne  ferruie  oar  tne  aaeemoiy  or  rerrules  on  jingie  oars 
procedure,  if  the  light  is  not  scattered  behind  tha  lewei  and 
tha  flbar  end  is  not  perfectly  round,  but  is  cracked,  than  a  sur¬ 
face  Maw  Is  indicated,  which  can  be  removed  by  grinding  and 
polishing. 


3)  Reinforce  the  cleaved  end  —  apply  a  email  bead  of  eoa 
the  eeoxy  as  exolained  in  the  assembly  ol  ferrules  oroceaui 
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1.0  INTRODUCTION 

This  test  procedure  descriDes  test  methods  and  equipment  Sor 
evaluating  the  performance  of  six-channel,  single-fiber  optical 
cable  plugs  and  bulkhead  receptacles  under  environmental  and 
mechanical  exposures  typical  of  military  tactical  field  applica¬ 
tions.  This  procedure  covers  the  connector  evaluation  section, 
paragraph  3.2.5,  of  "Technical  Guidelines  for  Ultra  Low  Loss  Opt 
cal  Piber  Assemblies." 


.12:3 
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2.0  APPLICABLE  DOCUMENTS 


The  following  specifications  and  documents  form  a  part  of  this 
procedure  to  the  extent  specified: 

a.  MIL-STD-202E ,  Notice  5,  dated  4  October  1978,  Test 
Methods  for  Electronic  and  Electrical  Component 
Parts 

b.  MIL-C-45662A,  dated  9  February  1962,  Calibration 
System  Requirements 

c.  MIL-STD-1344A,  dated  1  September  1977,  Test  Methods 
for  Electrical  Connectors 
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3.0  TEST  SAMPLE  DESCRIPTION 

Six  cable  plugs  and  six  bulkhead  receptacles  will  be  supplied  for 
test.  The  plugs  and  receptacles  will  be  paired  and  assigned  sam¬ 
ple  numbers  1  through  6  for  identification  and  for  determining  the 
appropriate  test  sequence.  After  assembly,  each  connector  half 
will  have  10  m  of  optical  cable  to  enable  the  connectors  to  be 
installed  inside  test  chambers  without  disturbing  the  connections 
to  the  optical  test  apparatus.  The  input  and  output  ends  of  the 
cable  will  be  cladding  mode  stripped.  The  input  end  will  be  per¬ 
manently  attached  to  the  optical  power  transmitter. 
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4.0  GENERAL  REQUIREMENTS 

4.1  Calibration  of  Test  Equipment 

All  test  equipment  to  be  used  in  the  performance  of  these  tests 
will  be  calibrated  in  accordance  with  MIL-C-45662A.  Each  item  of 
test  equipment  will  bear  a  calibration  label  reflecting  the 
instrument  control  number,  the  date  of  the  last  calibration,  and 
the  date  the  instrument  is  next  due  for  calibration.  Equipment 
calibration  procedures  will  be  maintained  on  file  in  the  calibra¬ 
tion  laboratory. 

4.2  Test  Equipment  Tolerances 

Unless  otherwise  specified,  the  test  equipment  will  be  capable  of 
indicating  and  controlling  test  conditions  within  the  followina 


tolerances : 

a.  Temperature  2*C 

b.  Force  2% 

c.  Optical  power  ratio  0.1  dB 

d.  Torque  2% 


4.3  Test  Conditions 

Unless  otherwise  specified,  all  tests  required  by  this  procedure 
will  be  performed  under  the  following  environmental  conditions: 

1 5 *C  to  35  *C 
30  to  30% 


a.  Temperature 

b.  Relative  humidity 

c.  Barometric  pressure 


94  to  108  !<?a 


4.4  Action  in  the  Event  of  Failure 

In  the  event  that  a  specimen  fails  a  test  requirement  specified 
herein,  testing  will  be  stopped  if  it  i3  considered  that  comple¬ 
tion  of  the  test  or  succeeding  tests  will  mask  the  cause  of 
failure.  ITT  Electro-Optical  Products  Division  (EOPD)  will  be 
notified  of  the  problem  in  writing. 

4.5  Documentation 

A  formal  test  report,  including  test  data  sheets,  will  be  fur¬ 
nished  at  the  completion  of  testing.  All  variable  test  data  will 
be  recorded.  As  a  minimum,  the  report  will  include: 

a.  Title  page 

b.  Table  of  contents 

c.  Purpose 

d.  Conclusions 

e.  References 

f.  List  of  test  equipment 
a.  Laboratory  data  sheets 

4.5.1  Recorded  Data 

All  measurements  will  be  recorded  to  as  many  significant  digits  as 
are  meaningful  under  the  accuracy  limits  of  the  test  equipment 
used.  All  data  will  be  recorded  on  appropriate  data  sheets. 

The  ambient  test  conditions  (temperature,  relative  humidity,  and 
barometric  pressure)  and  the  date  will  be  recorded  on  the  data 
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form.  If  a  data  sheet  covers  measurements  performed  on  more  than 
1  day,  the  ambient  conditions  and  date  for  each  day  covered  will 
be  included  on  the  data  sheet. 


Only  original  laboratory  test  data  or  a  direct  image  thereof  will 
be  submitted  as  the  final  test  document.  Data  sheets  will  not  be 
rewritten.  In  the  case  of  errors  accidentally  recorded  on  the 
data  forms,  the  erroneous  data  will  be  lined  out  by  a  single  line. 
The  corrected  information  will  be  inserted,  and  the  correction 
will  be  initialed  by  the  technician  making  the  change. 

Test  data  will  include,  whenever  applicable,  the  following 
details : 

a.  Diagrams,  sketches,  or  photographs  of  each  test  setup 

b.  Electrical  hookups  which  are  peculiar  to  the  test 
proqram  or  which  might  prevent  duplication  of  the 
test  method  or  results  if  not  supplied 

c.  The  orientation  of  samples  to  the  direction  of  force 
imparted  durinq  any  physical  test  such  as  flex  or 
twist 

d.  Any  fixturing  used  for  mounting  the  test  samples  for 
any  of  the  tests  covered  herein 

e.  A  detailed  explanation  of  how  the  test  was  performed 

f.  All  data  recorded  during  performance  of  the  test 


4.6  Disposition  of  Test  Samples 

Upon  completion  of  the  testing  required  herein,  the  test  samples 
will  be  individually  bagged  along  with  suitable  identification  of 
the  test  sample  number  and  the  laboratory  project  number  and 
shipped  to  ITT  EOPD. 


5.0  TEST  SEQUENCE 

The  test  samples  described  in  Section  3.0  will  be  subjected  to  the 
tests  listed  in  Tables  5.0-1  and  5.0-2  according  to  the  sample 
number  assigned  at  the  time  of  submission.  The  individual  test 
samples  will  be  tested  in  the  sequence  of  the  numbers  listed  in 
the  column  under  that  sample  number. 
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Table  5.0-1 


Test  Sequence 


★ 


Sample  Number s 


Test  Name 

Para 

l 

2 

3 

4 

5 

6 

Examination 

6.1 

1,4, 

7,10 

1,4, 

7 

1,4, 

7,10 

1  ,4, 

7 

1,4 

1,4 

Coupling  loss 

6.2 

2,5, 

8,11 

2,5, 

3 

2,5, 

8,11 

2,5, 

3 

2,5 

2,5 

Mating  durability 

6.4 

3 

3 

3 

3 

- 

- 

Immersion 

6.6 

6 

- 

6 

- 

- 

- 

Cable  retention 

6.9 

9 

6 

- 

- 

- 

- 

Flex  life 

6.10 

- 

- 

9 

- 

3 

- 

Twist 

6.11 

- 

- 

- 

6 

- 

3 

Crosstalk 

6.12 

12 

9 

— 

_ 

_ 

*Each  connector  pair  has  a  unique  test  sequence,  i.e.,  sample  num¬ 
ber  5  will  undergo  the  following  sequence  of  tests:  examination, 
coupling  loss,  twist,  examination,  and  coupling  loss. 
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Table  5.0-2 


Summary  of  Quantity  of  ^ests 


I 

I 

I 

I 

I 


Test  Name 

Sample 

Numbers 

Rep 

letitions 

Examination 

All 

18 

(6 

connectors ) 

Coupling  loss 

All 

13 

( « 

connectors ) 

Mating  durability 

1  ,2,3,4 

4 

(4 

connectors ) 

Immersion 

1,3 

2 

(2 

connectors ) 

Cable  retention 

1,2 

2 

{2 

connectors ) 

Flex  life 

3,5 

2 

(2 

connectors ) 

Twist 

4,6 

2 

(2 

connectors ) 

Crosstalk 

1,2 

2 

(2 

connectors ) 

,i 
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6.0  TEST  METHODS  AND  REQUIREMENTS 

This  section  of  the  test  procedure  defines  the  equipment  and 
method  for  performing  each  of  the  tests  specified  in  Section  5.0, 
Test  Sequence.  Each  sample  has  its  own  unique  test  sequence  as 
illustrated  in  Table  5.0-1. 

6.1  Examination  Test 

The  examination  test  is  performed  to  determine  what  effects  the 
mechanical  or  environmental  tests  may  have  had  on  connector  com¬ 
ponents.  This  test  is  limited  to  visual  indications  of  physical 
deterioration  which  can  'oe  observed  without  disassembly  of  the 
connectors.  Unmating  of  the  counterpart  connector  halves  is  not 
considered  disassembly. 

6.1.1  References 

Refer  to  paragraph  3. 2. 5. 2  of  "Technical  Guidelines  for  Ultra  Low 
Loss  Optical  Fiber  Assemblies." 

5.1.2  Test  Equipment 

The  test  equipment  will  include  a  microscope  capable  of  5  X  magni- 
f ication. 

6.1.3  Test  Method 

Upon  initial  submission  to  the  test  laboratory,  ail  test  samples 
will  be  accompanied  by  a  certification  of  compliance  from  fiber 
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optic  Quality  Control  that  the  materials,  finishes,  dimensions, 
and  workmanship  meet  the  requirements  of  the  applicable  Hughes 
drawings. 

Whenever  the  examination  test  is  specified  in  the  test  sequence, 
the  test  laboratory  will  examine  the  test  samples  under  5  X  magni¬ 
fication  for  evidence  of  damage,  physical  deterioration,  or  any 
other  condition  which  might  have  an  effect  on  subsequent  connector 
performance.  The  counterpart  connector  halves  will  be  unmated  to 
allow  examination  of  the  interface  area  of  each  connector  half. 
Particular  attention  will  be  paid  to  the  condition  of  the  engaging 
,  ends  of  the  fiber  optic  elements.  The  mating  surfaces  of  the  ele¬ 

ments  may  be  cleaned  if  the  examination  indicates  the  presence  of 
1  dirt  or  other  foreign  material. 

i 

5.1.4  Test  Data 

The  initial  examination  data  sheet  will  indicate  that  the  orooer 

■ 

certification  of  comoliance  has  been  received  for  each  test  sample 
a  submitted  for  test. 

*  All  examination  data  sheets  will  include  a  written  record  of  the 

condition  of  each  test  sample  at  the  time  of  examination.  This 

■ 

record  shall  also  indicate  whether  clean. ng  of  the  mating  surfaces 
of  the  connectors  was  reauired  or  oer formed. 

■ 

■ 


( 
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6.1.5  Requirements 

All  test  samples  will  be  accompanied  by  cne  appropriate  certifi¬ 
cate  of  compliance  showing  pretest  inspection  acceptance  by  fiber 
optic  Quality  Control.  All  evidence  of  damage,  physical  deterio¬ 
ration,  or  other  conditions  which  might  affect  the  connector  per¬ 
formance  will  be  noted  and  recorded  in  the  test  data. 

6.2  Coupling  Loss 

The  term  "coupling  loss"  is  used  in  two  contexts  in  this  test  pro¬ 
cedure.  In  its  firsr  context,  coupling  loss  is  the  measurement  of 
the  insertion  loss  of  a  mated  connector  pair.  Insertion  loss  is 
the  ratio  of  the  optical  power  through  a  continuous  length  of 
optical  fiber  to  the  optical  power  through  the  same  fiber  after  a 
connector  has  been  installed.  The  insertion  loss  test  may  be  per¬ 
formed  only  once  on  a  given  fiber  because  it  requires  a  continuous 
length  of  fiber  at  the  start. 

In  its  second  context,  coupling  loss  is  a  measurement  of  the 
effects  of  mechanical  or  environmental  stresses  on  the  optical 
interconnection.  This  measurement  is  an  extension  of  the  inser¬ 
tion  loss  measurement.  It  is  expressed  as  the  ratio  of  the  opti¬ 
cal  power  through  a  continuous  length  of  optical  fiber  to  the 
optical  power  throuah  the  same  fiber  after  a  connector  has  been 
installed  and  the  connector  has  undergone  mechanical  or  environ¬ 
mental  3tress.  The  distinction  between  this  measurement  and  the 
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insertion  loss  measurement  is  time.  Both  utilize  the  same  initial 
optical  power  reading  for  the  uncut  fiber,  but  in  the  second  con¬ 
text  a  significant  period  of  time  has  elapsed  between  the  initial 
uncut  reading  and  the  final  inserted  and  conditioned  reading. 

Each  coupling  loss  test  setup  consists  of  test  fibers  and  one  or 
more  reference  fibers  permanently  positioned  in  the  output  field 
of  an  optical  transmitter.  Test  fibers  will  eventually  be  cut  for 
installation  of  the  test  connector  while  reference  fibers  remain 
uncut  for  the  duration  of  the  test  program.  The  reference  fibers 
are  included  to  monitor  the  output  of  the  optical  transmitter  and 
provide  a  basis  for  compensating  any  changes  which  may  occur  in 
the  transmitter  power.  All  optical  power  readings  are  expressed 
as  a  ratio  in  decibels  of  the  test  fiber  to  the  reference  fiber. 

The  coupling  loss  measurement  can  be  thought  of  as  occurring  in 
two  phases.  During  the  first  phase,  cable  characterization,  the 
uncut  cable  and  reference  fibers  are  installed  on  the  transmitter 
for  a  series  of  optical  power  measurements  to  establish  the  ini¬ 
tial  power  ratio  for  each  fiber  in  the  cable  to  the  reference 
fiber.  These  values  form  the  basis  for  all  subsequent  coupling 
loss  readings. 

When  the  characterization  has  been  completed,  the  cable  will  be 
cut  and  a  mating  pair  ~f  connectors  will  be  installed  rejoining 
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the  original  fibers.  &  new  set  of  optical  power  ratios  can  now  be 
measured  to  determine  the  couolino  loss  for  each  fiber.  The  cou¬ 
pling  loss  will  be  the  difference  between  the  current  power  ratio 
for  a  given  fiber  and  the  power  ratio  obtained  during  the  charac¬ 
terisation  phase. 

Thus , 


Loss  (dB)  *  current  cower  ratio  (d3) 

-  initial  cower  ratio  (dB) 


(5-1  ) 


5.2.1  References 

Refer  to  paraqraph  3. 2. 5. 1.1  of  "Technical  Guidelines  for  Ultra 
Low  Loss  Optical  Fiber  Assemblies." 

6.2.2  Test  Equipment 

The  test  equiDment  will  include  items  required  bv  Ruches  co  per¬ 
form  tests. 

5.2.3  Test  Meth  ;d 
5.2.3. 1  Cable  Preoaration 

Preoare  a  20  m  length  of  optical  cable  supnlied  bv  ITT  ECPD  for 
each  test  samole  using  aporopriate  Rughes  preparation  techniques. 

Preoare  one  cable  for  each  of  the  six  mated  connector  oairs  in  the 
test  proaram.  ®reoare  one  additional  cable  to  be  used  as  a  cable 
control  sample  during  subsequent  tests. 
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5. 2. 3. 2  Cable  Character! zation 


Connect  the  optical  transmitter  to  a  dc  power  source  capable  of 
supplying  300  mA  at  12  to  15  V.  Allow  sufficient  time  for  the 
transmitter  to  warm  up  before  proceeding  with  any  measurements. 

Tag  or  color-code  each  fiber  at  the  end  opposite  the  transmitter. 
This  identification  will  be  used  throughout  the  remainder  of  the 
test  program. 

Install  the  reference  fiber  at  the  reference  port  of  the  optical 
power  meter.  Install  one  of  the  test  fibers  at  the  signal  port  of 
the  meter.  The  meter  will  display  the  ratio  in  decibels  between 
the  test  fiber  and  the  reference  fiber.  Record  the  value  dis¬ 
played  and  move  on  to  the  next  fiber.  This  measurement  should  be 
repeated  for  each  fiber  in  the  cable  with  respect  to  each  of  the 
reference  fibers. 

This  entire  process  should  be  repeated  periodically  over  a  period 
of  24  to  43  h  to  determine  if  there  are  any  fluctuations  with 
respect  to  time  in  the  fiber  power  ratios.  The  mean  value  of  the 
initial  optical  power  ratio  for  each  test  fiber  will  be  used  for 
ail  subsequent  coupling  loss  measurements.  3e  sure  that  all  mea¬ 
surements  are  stable  and  that  there  are  no  loose  connections  at 
the  optical  trinsmitter. 

After  characterization,  the  cable  will  be  cut  at  the  midpoint  tax¬ 
ing  care  to  maintain  individual  fiber  identification  in  the  two 
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sections  of  cable.  The  plug  and  receptacle  test  connectors  will 
be  assembled  cr.uO  the  cable  using  the  assembly  procedures  speci¬ 
fied  by  Hughes.  When  the  connectors  are  assembled  and  coupled, 
the  original  fibers  should  be  in  counterpart  terminals  in  the  plug 
and  receptacle. 

6. 2. 3. 3  Coupling  Loss 

Connect  the  optical  transmitter  to  a  dc  power  source  capable  of 
delivering  300  mA  at  12  to  157.  Allow  sufficient  time  for  the 
transmitter  to  warm  up  to  operating  temperature  before  proceeding 
with  any  measurements.  Connect  the  reference  fiber  to  the  refer¬ 
ence  port  of  the  optical  multimeter.  Connect  a  test  fiber  to  the 
signal  port  of  the  multimeter.  Record  the  current  power  ratio 
(CPR)  indicated  by  the  multimeter.  Repeat  this  process  for  each 
of  the  test  fibers  in  the  cable.  Measure  the  current  power  ratios 
for  each  of  the  fibers  in  the  cable  control  sample  in  a  similar 
fashion . 

Calculate  the  coupling  loss  in  the  following  way.  Obtain  the  ini¬ 
tial  power  ratio  (IPR)  for  each  test  fiber  from  the  data  recorded 
during  characterization.  Subtract  the  initial  power  ratio  from 
the  current  power  ratio  to  obtain  the  power  ratio  differential 
( PRD ) : 

?RD  (dB)  -  CPR  (dB)  -  IPR  (dB)  (o-2) 
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If  this  is  the  first  measurement  of  coupling  loss  after  installa¬ 
tion  of  the  connector,  then  the  coupling  loss  is  equal  to  the  ?RD. 
Calulate  the  actual  connector  coupling  loss  by  subtracting  the 
control  value  from  the  PRD  for  each  test  fiber: 

Loss  (d3)  =  PRD  (dB)  -  control  (dB)  (6-3) 

Equation  6-3  is  performed  to  compensate  for  any  changes  in  the 
optical  transmission  of  the  cable  alone  as  the  result  of  environ¬ 
mental  exposure. 

6.2.4  Test  Data 

The  test  data  will  include  sample  and  fiber  identification;  the 
results  of  each  measurement  for  IPS  and  CP R;  sample  calculations 
for  PRD,  control,  and  coupling  loss;  and  the  results  of  all  calcu¬ 
lations.  In  addition,  any  observations  of  sample  condition  or 
performance  which  might  aid  in  interpreting  the  test  result  will 
be  recorded. 

6.2.5  Requirements 

The  coupling  loss  of  a  mated  pair  of  connectors  with  each  assem¬ 
bled  to  a  length  of  cable  will  be  measured  on  an  individual  opti¬ 
cal  channel  basis.  The  objective  i3  1.5  dB. 

6.3  Rotation  (Deleted) 
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6.4  Matinq  Durability 

Mating  durability  is  intended  to  determine  the  ability  of  the  con¬ 
nector  to  withstand  repeated  coupling  and  uncoupling  as  in  normal 
service.  This  test  produces  the  type  of  wear  which  the  connector 
might  experience  during  its  service  life. 

6.4.1  References 

Refer  to  paragraph  3. 2. 5. 2. 2  of  "Technical  Guidelines  for  Ultra 
Dow  Loss  Optical  Fiber  Assemblies." 

5.4.2  Test  Equipment 

The  test  equioment  will  include  items  required  by  Hughes  to  per¬ 
form  tests. 

6.4.3  Test  Method 

Mount  the  receptacle  connector  to  a  simulated  panel  with  its  jam 
nut.  Connect  the  optical  transmitter  to  a  dc  power  source  capable 
of  supplying  300  mA  at  12  to  15  V.  Allow  sufficient  time  for  the 
transmitter  to  warm  up  to  operating  temperature  before  proceeding 
with  any  measurements.  Align  and  engage  the  counterpart  plug  with 
the  receptacle  and  rotate  the  coupling  ring  until  the  connectors 
are  fully  enaaged.  Then  rotate  the  coupling  ring  in  the  opposite 
direction  to  fully  uncouple  the  connectors.  Separate  the  two  con¬ 
nector  halves  completely.  Repeat  this  process  for  a  total  of  1000 
mati.na  and  unmating  cycles.  Mo  lubrication  of  the  coupling 
devices  during  cycling  is  allowed. 
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On  the  first  mating  and  on  every  50  mating  cycles  thereafter,  mea¬ 
sure  the  C?R  for  each  fiber  in  the  connector.  (These  measurements 
are  intended  to  verify  continuity  only  and  are  not  considered  a 
formal  coupling  loss  measurement. )  Observe  the  condition  of  the 
coupling  devices  and  optical  mating  surfaces  throughout  the  expo¬ 
sure. 

Upon  completion  of  the  required  mating  cycles,  the  connector  mat¬ 
ing  faces  may  be  cleaned  using  appropriate  procedures  before  sub¬ 
mission  to  the  subsequent  tests  in  the  sequence. 

5.4.4  Test  Data 

The  data  sheets  for  mating  durability  will  contain  sample  identi¬ 
fication,  CPR  readings  for  each  fiber  for  each  50  cycles,  and  any 
observations  of  physical  change  or  damage  along  with  the  number  of 
cycles  completed  at  the  time  of  observation. 

5.4.5  Requirements 

Counterpart  connectors  will  be  capable  of  meeting  the  requirements 
of  succeeding  tests  after  1000  mating  and  unmating  cycles  without 
additional  lubrication  of  the  coupling  devices.  The  connector 
mating  faces  may  be  cleaned  after  the  1000  cycles  have  been  com¬ 
pleted  . 

6.5  Salt  Spray  (Deleted) 


112  11 


20 

A-49 


6.6  Immersion 

The  immersion  test,  in  which  the  specimens  are  totally  immersed  in 
water  at  a  specified  pressure,  is  intended  to  determine  if  the 
sealing  provisions  at  the  mating  interface  and  cable  entry  are 
capable  of  excluding  water  from  the  interior  portions  of  the  con¬ 
nector. 

6.6.1  References 

Refer  to  paragraph  3. 2. 5. 2. 4  of  "Technical  Guidelines  for  Ultra 
Low  Loss  Optical  Fiber  Assemblies." 

6.6.2  Test  Equipment 

The  test  equipment  will  consist  of  the  following: 

a.  Water  vessel  capable  of  maintaining  a  pressure  of 
1  8  kPa 

b.  Optical  power  radio  meter 

c.  Optical  transmitter 

d.  Power  supply 

e.  Pressure  regulator  with  gage 

6.6.3  Test  Method 

Install  the  completely  mated  connector  sample  inside  the  water 
container  with  the  transmitter  and  detector  ends  of  the  fiber 
optic  cable  brought  outside  through  suitable  seals  to  withstand 
the  test  pressure.  Connect  the  optical  transmitter  to  a  dc  power 
source  capable  of  supplying  300  mA  at  12  to  15V.  Allow 
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sufficient  time  for  the  transmitter  to  warm  up  to  operating  tem¬ 
perature  before  proceeding  with  any  optical  measurements.  Fill 
the  water  vessel  with  room  temperature  tap  water  to  completely 
cover  the  mated  connector  pair.  Seal  the  water  vessel  and  pres¬ 
surize  it  to  18  kPa  (equivalent  to  1.836  m  head  of  water).  Main¬ 
tain  this  condition  for  a  period  of  24  h. 

Initially,  and  periodically  throughout  the  exposure,  measure  the 
CPR  for  each  fiber  in  the  connector.  (These  measurements  are 
intended  to  verify  continuity  only  and  are  not  considered  a  formal 
coupling  loss  measurement.)  At  the  conclusion  of  the  exposure, 
and  without  disturbing  the  sample,  perform  a  coupling  loss  mea¬ 
surement  as  described  in  paragraph  6. 2. 3. 3. 

Remove  the  specimen  from  the  water  vessel  and  carefully  dry  all 
exterior  surfaces.  Exercising  care  not  to  introduce  any  remaining 
exterior  water  to  the  inside  of  the  connectors,  unmate  the  sample 
and  examine  for  the  presence  of  water  within  the  sealed  area  of 
the  connectors. 

6.6.4  Test  Oata 

Immersion  data  sheets  will  contain  sample  identification,  a 
description  of  the  test  setup,  records  of  the  CPR  readings  for 
continuity,  the  results  of  the  couplina  loss  test,  and  observa¬ 
tions  of  the  condition  of  the  sample  at  the  end  of  the  test, 
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including  whether  moisture  has  penetrated  into  the  sealed  area  of 
the  connector. 

6.6.5  Requirements 

The  mated  connectors  will  exclude  water  from  the  sealed  interior 
portions  when  immersed  in  water  to  a  depth  of  1.33  m.  The  con¬ 
nectors  will  maintain  continuity  throughout  the  exposure  and  will 
meet  the  coupling  loss  requirement  at  the  conclusion  of  the  expo¬ 
sure  . 

5.7  Shock  Drop  (Deleted) 

6.8  Sand  and  Dust  (Deleted) 

6.9  Cable  Retention 

The  cable  retention  test  is  intended  to  determine  whether  the  con¬ 
nector  strain  relief  mechanism  is  capable  of  withstanding  a  static 
tensile  load  tending  to  pull  the  cable  from  the  rear  of  the  con¬ 
nector  body  without  damage  to  either  the  connector  or  the  cable 
within  the  strain  relief. 

6.9.1  References 

Refer  to  paragraph  3. 2. 5. 2. 7  of  "Technical  Guidelines  for  Ultra 
Low  Loss  Optical  Fiber  Assemblies." 

6.9.2  Test  Equipment 

The  test  equipment  will  include  the  following: 
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a.  Tensile  test  apparatus 

b.  Receptacle  .counting  adapter  for  tensile  tests 

c.  Optical  cable  mandrel  (cylinder  approximately  400  mm 
diameter  by  200  mm  high  with  cylindrical  surface 
wrapped  with  double  faced  tape  for  good  grip) 

6.9.3  Test  Method 

Perform  this  test  on  both  plug  and  receptacle  connectors.  Mount 
the  receptacle  on  the  mounting  adapter  plate  with  its  jam  nut. 
Install  the  optical  cable  mandrel  on  the  uprights  of  the  tensile 
test  machine.  Install  the  receptacle  with  its  cable  entry  upward 
on  the  crosshead  of  the  test  machine.  Wrap  at  least  five  turns  of 
cable  around  the  cable  mandrel  taking  care  that  no  excess  slack  is 
left  between  the  connector  and  the  mandrel.  Leave  at  least  a 
150  mm  separation  between  the  rear  of  the  connector  and  the  first 
turn  on  the  mandrel. 

Activate  the  test  machine  crosshead  and  apply  an  increasing  load 
between  the  connector  and  the  test  cable  until  a  load  of  1730  M 
has  been  applied.  Maintain  this  load  for  a  period  of  60  s  and 
then  remove  it.  Observe  the  connector  and  cable  during  the  load¬ 
ing  for  any  evidence  of  damage  or  movement.  Remove  the  receptacle 
from  the  test  machine  and  carefully  examine  it. 

Mate  the  receptacle  with  its  counterpart  plug  connector  and  rein¬ 
stall  the  mated  pair  on  the  crosshead  of  the  test  machine  with  the 
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plug  cable  entry  upward.  Wrap  at  least  five  turns  of  the  plug 
cable  around  the  cable  mandrel  and  repeat  the  loading  to  described 
above  for  the  receptacle. 

6.9.4  Test  Data 

The  data  sheets  for  the  cable  retention  test  will  contain  the  sam¬ 
ple  identification,  a  description  of  the  test  setup  with  a  sketch 
or  photograph  of  the  significant  details,  and  a  record  of  the 
observations  made  during  and  after  the  loading. 

6.9.5  Requirements 

The  plug  and  receptacle  samples  will  withstand  a  tensile  load  of 
1780  N  for  a  period  of  60  s  without  physical  damage  and  will  be 
capable  of  meeting  the  requirements  of  succeeding  tests. 

6.10  Flex  Life 

The  flex  life  test  is  intended  to  determine  the  ability  of  the 
connector  strain  relief  mechanism  to  protect  the  optical  cable 
from  flexing  stresses  such  as  might  be  imposed  during  handling  of 
cables  in  field  service. 

6.10.1  References 

Refer  to  paragraph  3. 2. 5. 2. 3  of  "Technical  Guidelines  for  Ultra 
Low  Loss  Optical  Fiber  Assemblies." 


6.10.2  Test  Equipment 

The  test  equipment  will  include  the  following: 

a.  Flex  life  cycling  apparatus 

b.  Optical  power  ratio  meter 

c.  Optical  transmitter 

d.  Power  supply 

e.  High-low  temperature  chamber 

3.10.3  Test  Method 

Figure  6.10.3-1  shows  the  fixture  configuration  that  could  be  used 
for  the  flex  life  test.  The  pivot  point  (?)  is  a.  minimum  distance 
(PE)  from  the  end  of  the  connector  to  preclude  the  cable  from 
swinging.  The  distance  L  which  defines  the  location  of  mass  M  is 
set  at  approximately  150  mm.  The  gravitational  force  exerted  by 
mass  M  should  cause  the  cable  to  become  taut  and  hang  vertically 
at  point  G  in  the  neutral  axis.  A  mass  of  approximately  1  kg  is 
adequate  to  accomplish  this. 

This  test  consists  of  two  parts  -a  room  temperature  phase  and  a 
low  temperature  phase.  it  may  be  more  convenient  to  make  the  set¬ 
up  in  the  temperature  chamber  and  perform  both  parts  without  hav¬ 
ing  to  move  the  apparatus.  Mount  the  flexing  apparatus  so  that 
the  flexing  motion  can  be  input  to  the  test  chamber  through  a  test 
port  in  the  chamber  wall.  Only  the  sample  mounting  plate  and  sup¬ 
port  bearing  need  'oe  inside  the  test  chamber.  Adjust  the  limit 


switches  on  the  reversing  motor  to  provide  a  flexing  action  90*  on 
either  side  on  the  neutral  axis  as  shown  in  Fiqure  6.10.3-2. 

Mount  the  receptacle  on  the  mounting  fixture,  cable  entry  upward, 
using  the  mounting  jam  nut.  Couple  the  counterpart  plug  to  the 
receptacle  with  the  cable  entry  downward.  Attach  the  stabilizing 
mass  (W)  to  the  plu-;  cable  150  mm  (L)  below  the  rear  of  the  plug. 
CJse  care  to  avoid  damage  to  the  cable  jacket  where  the  mass  is 
attached.  Route  the  optical  cable  outside  the  chamber  through  one 
of  the  test  ports  so  that  optical  power  ratio  measurements  can  be 
made. 

Connect  the  optical  transmitter  to  a  dc  power  source  capable  of 
supplying  300  mA  at  12  to  15  V.  Allow  sufficient  time  for  the 
transmitter  to  warm  up  to  operating  temperature  before  proceeding 
with  any  measurements.  Record  the  CPR  values  for  each  fiber 
before  starting  the  flex  test. 

With  the  sample  exposed  to  laboratory  ambient  conditions,  energize 
the  flexing  apparatus  and  subject  the  cable  to  1000  flex  cycles.- 
Periodically  throughout  the  exposure,  monitor  the  CPR  for  each 
fiber  in  the  test  cable.  (These  measurements  are  intended  to 
verify  continuity  only  and  are  not  considered  a  formal  couplinq 
loss  measurement.) 

At  the  conclusion  of  the  1000  flex  cycles,  deenergize  the  flexing 
apparatus  and  rotate  the  test  sample  90*  about  its  mating  axis  as 
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shown  in  Figure  6.10.3-3.  Resume  cycling  with  the  connector  in 
its  new  orientation  until  an  additional  1000  flex  cycles  have  been 
completed.  Monitor  CPR  as  before.  Thi^  concludes  the  room  tem¬ 
perature  phase  of  the  test.  Inspect  the  cable  carefully  in  the 
area  protected  by  the  connector  strain  relief  for  any  evidence  of 
deterioration. 

Orient  the  flex  fixture  so  that  the  connector  is  in  the  neutral 
(vertical)  axis.  Program  the  test  chamber  to  control  temperature 
at  70 *C  (±2*).  Expose  the  connector  to  this  condition  for  a 
period  of  at  least  48  h. 

Program  the  test  chamber  to  control  temperature  at  -55*C  ' 

Expose  the  connector  to  the  low  temperature  condition  for  a-  period 
of  at  least  48  h.  At  the  conclusion  of  the  48-h  period  and  while 
the  connector  is  still  exposed  to  -55*,  energize  the  flexing  appa¬ 
ratus  and  subject  the  sample  to  500  flex  cycles.  Monitor  CPR  ini¬ 
tially  and  periodically  throughout  the  exposure. 

At  the  conclusion  of  the  500  flex  cycles,  deenergize  the  flexing 
apparatus  and  rotate  the  test  sample  90*  about  its  mating  axis  as 
shown  in  Figure  6.10.3-3.  Use  protective  gloves  and  perform  this 
operation  as  quickly  as  possible  to  avoid  unnecessary  heat  input 
to  the  sample.  Resume  cyclina  with  the  connector  in  it3  new  ori¬ 
entation  until  an  additional  500  flex  cycles  at  low  temperature 
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have  been  completed.  Monitor  C?R  as  before.  This  concludes  the 
low  temperature  portion  of  the  test.  Remove  the  sample  from  the 
test  chamber.  Allow  the  temperature  chamber  to  return  to  room 
temperature  before  removing  the  test  sample.  Perform  a  complete 
examination  paying  particular  attention  to  the  cable  where  it  is 
protected  by  the  connector  strain  relief. 

6.10.4  Test  Data 

The  data  sheets  for  flex  life  will  include  sample  identification, 
a  description  of  the  test  setup  including  a  sketch  or  photograph, 
records  of  the  CPR  values  and  when  they  were  measured,  and  a  com¬ 
plete  description  of  the  condition  of  the  connector  /and  cable  at 
the  conclusion  of  the  test.  j 

5.11  Twist 

The  twist  test  is  intended  to  detrmine  if  the  cable  retaining 
feature  at  the  rear  of  the  connector  is  capable  of  withstanding 
torsional  stresses  such  as  might  be  applied  by  the  cable  during 
field  handling  without  damage  to  either  the  connector  or  the  fiber 
cable.  - 

6.11.1  References 

Ref*r  to  paragraph  3. 2. 5. 2. 9  of  "Technical  Guidelines  for  Ultra 
Low  Loss  Optical  Fiber  Assemblies." 
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6.11.2  Test  Equipment 

The  rest  equipment  will  include  the  following 

a.  Motorized  twist  test  apparatus 

b.  Optical  power  ratio  meter 

c.  Optical  transmitter 

d.  Power  supply 

e.  Receptacle  mounting  plate 

5.11.3  Test  Method 

Mount  the  receptacle  to  its  mounting  plate  and  secure  the  plate  in 
a  vise  or  other  suitable  clamping  means.  Couple  the  counterpart 
pluq  to  the  receptacle.  Position  the  twist  test  apparatus  so  as 
to  grip  the  fiber  cable  at  a  point  133  mm  behind  the  rear  of  the 
plug  cable  retaining  fixture.  Before  tightening  the  cable  grip, 
program  the  twist  apparatus  to  provide  a  twisting  action  as  shown 
in  Fiqure  6.11.3-1  *90*  about  the  cable  neutral  axi3.  One  twist 
cycle  is  defined  as  passing  from  the  neutral  position  to  +90*, 
reversing  back  through  neutral  to  -90*,  and  reversing  back  again 
to  the  neutral  position,  a  total  excursion  of  180*. 

with  the  twist  apparatus  in  the  neutral  position,  tighten  the 
fiber  cable  clamp  securely  on  the  cable  taking  care  not  to  damage 
the  cable.  Connect  the  optical  transmitter  to  a  dc  power  source 
capable  of  providing  300  mA  at  12  to  15  V.  Allow  sufficient  time 
for  the  transmitter  to  warm  up  to  operating  temperature  before 
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qure  S.1 1.3-1.  Cable  During  Twisting  Action. 


. — ’ _ S;jc?:o-£  otissl  Products  Division 


9  December  13  73 


ULTRA  LOW  LOSS  OPTICAL  FIBER 
CABLE  ASSEMBLIES 
C001  CABLE,  CONNECTORS,  AND 
CABLE  ASSEMBLY  TEST  PLAN 

Part  1:  CABLE  TEST  PLAN 

for 

U.  S.  ARMY  CORADCOM 
Fort  Monmouth,  New  Jersey- 

Contract  *DAA  BQ7-7S-C- 29ZZ 

Prepared  by: 

S.  Mahurin 

ITT  ELECTRO-OPTICAL  PRODUCTS  DIVISION 
P.  0.  Box  7065 
Roanoke,  Virginia  24019 

Approved  by:  jl'o- f~  { rr- _ 

5TT  F.  Toohig,  Vice  President 

_ Plrect°r  _ 

A-64 


fH  r-l  *  1  to  to  to  *0  K>  »0  K)  to  to  m  to  K)  K1  K>  KJ  to  »0  to  tO  tO  tO  tO  -t 


Electro-Optica i  Products  Division 


TABLE  OF  CONTENTS 


PARAGRAPH  TITLE  PAGE 


1.0 

Scope 

1 

1.1 

Purpose 

1 

2.0 

Testing  Summary 

7 

3.0 

Transmission  Test  Procedures 

4 

3.1 

Attenuation 

4 

3.1.1 

Specification 

4 

3.1.2 

Test  Definition 

4 

3.1.3 

Test  Equipment  and  Procedure 

4 

3.1.4 

Data  Reduction 

6 

3.1.5 

Test  Results  Reporting 

6 

3.1.6 

Test  Facility  and  Personnel 

6 

3.2 

Data  Transmission 

6 

3.2.1 

Specification 

6 

3.2.2 

Test  Definition 

6 

3.2.  j 

Test  Equipment  and  Procedure 

7 

3.2.4 

Data  Reduction 

7 

3.2.5 

Test  Results  Reporting 

10 

3.2.6 

Test  Facility  and  Personnel 

10 

3.3 

Numerical  Aperture  (N.A.) 

10 

3.3.1 

Specification 

10 

3.3.2 

Test  Definition 

10 

3-3.5 

Test  Equipment  and  Procedure 

10 

3.3.4 

Data  Reduction 

12 

3.3.5 

Test  Results  Reporting 

13 

.  3 . 6 

Test  Facility  and  Personnel 

13 

4.0 

Mechanical  and  Environmental  Test 

Procedures 

14 

4.1 

Tensile  Load 

14 

4.1.1 

Specification 

14 

4.1.2 

Test  Definition 

14 

4.1.3 

Test  Equipment  and  Procedure 

14 

4.1.4 

Data  Reduction 

17 

4.1.S 

Test  Results  Reporting 

18 

4.1.6 

Test  Facility  and  Personnel 

13 

Roanoke,  Virginia. 

ii 

A-65 


Electro-Optical  Products  Division 


TABLE  OF  CONTENTS 


PARAGRAPH 

TITLE 

PAGE 

4.2 

Mechanical  Tests 

18 

4.2.1 

Specification 

18 

4.2.2 

Test  Definition 

13 

4.2.3 

Test  Equipment  and  Procedure 

19 

4.2.4 

Test  Results  Reporting 

19 

4.2.5 

Test  Facility  and  Personnel 

19 

4.3 

Vibration 

19 

4.3.1 

Specification 

20 

4.3.2 

Test  Definition 

20 

4.3.3 

Test  Equipment  and  Procedure 

20 

4.3.4 

Data  Reduction 

21 

4.3.5 

Test  Results  Reporting 

21 

4.3.6 

Test  Facility  and  Personnel 

21 

4.4 

Temperature  Shock 

21 

4.4.1 

Specification 

21 

4.4.  L 

Test  Definition 

22 

4.4.3 

Test  Equipment  and  Procedure 

22 

4.4.4 

Data  Reduction 

22 

4.4.5 

Test  Results  Reporting 

22 

4.4.6 

Test  Facility  and  Personnel 

22 

4.5 

Humidity 

22 

4.5.1 

Specification 

23 

4.5.2 

Test  Definition 

23 

4.5.3 

Test  Equipment  and  Procedure 

23 

4.5.4 

Data  Reduction 

23 

4.5.5. 

Test  Results  Reporting 

23 

4.5.6 

Test  Facility  and  Personnel 

24 

4.6 

Fungus 

24 

4.6.1 

Specification 

24 

4.6.2 

Test  Definition 

24 

4.6.3 

Test  Equipment  and  Procedure 

24 

4.6.4 

Test  Results  Reporting 

25 

4.6.5 

Test  Facility  and  Personnel 

25 

4.7 

Nuclear  Survivability 

25 

4.7.1 

Specification 

25 

4.7.2 

Definition  of  Test 

26 

4.7.3 

Test  Equipment  and  Procedure 

26 

4.7.4 

Data  Reduction 

26 

4.7.5 

Test  Results  Reporting 

27 

4.7.6 

Test  Facility  and  Personnel 

27 

Roanoke,  Virginia 
iii 
A-66 


J 


Electro-Optical  Products  Division 


Table 

2-1 


List  of  Tables 

Title  Pai 

Cable  Testing  Summary 


Roanoke.  Virginia _ 

V 

A- 6  8 


Electro-Optica!  Products  Division 


1 . 0  SCOPE 

1.1  Purpose 

This  test  plan  establishes  the  tests  to  be  performed  on  the 
cable  design  samples  (CLIN  0002)  delivered  under  Contract 
Number  DAA  B07-78-C-2922.  Included  is  information  on  the 
number  of  samples,,  the  length  of  each  sample,  and  the  test 
procedure  for  each  test. 
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2.0  TZS TING  SUMMARY 

A  summary  o£  all  tests  to  be  performed,  the  number  and  length 
of  samples  required,  the  optical  monitoring  functions  required, 
and  the  paragraph  describing  the  test  procedure  is  given  in 
Thble  2-1.  All  samples  used  in  the  testing  program  whose 
length  is  less  than  300  m  will  be  taken  from  a  longer  length 
which  was  subjected  to  the  optical  transmission  tests  of 
paragraph  3.0.  Those  tests  requiring  a  300m  sample  length 
will  be  performed  in  the  order  listed  in  Table  2-1  on  the  same 
sample. 
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3.0  TRANSMISSION  TEST  PROCEDURES 

3.1  ATTENUATION 

3.1.1  SPECIFICATION 

a)  Wavelengths: 

b)  Attenuation: 

3.1.2  TEST  DEFINITION  j 

The  optical  attenuation  of  each  cabled  fiber  will  be  measured  ' 
at  three  selected  wavelengths.  ! 

I 

! 

3.1.T  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  of  Figure  3-1  will  be  used  to  measure  attenuation,  j 
The  procedure  will  follow  method  6020  of  DOD-STD-1678 .  The 
output  through  the  fiber  is  measured  at  each  specified  wave- 
lengh  with  injection  input  numerical  apertures  of  .089,  .124, 

.176  and  .243.  Once  the  output  through  the  long  length  is 
measured  at  the  specified  wavelengths,  the  fiber  will  be -cut  j 
at  a  distance  of  1  m  from  the  injection  end.  A  new  end  is  ! 

prepared  on  the  output  end  of  the  reference  length  and  the  { 

i 

measurement  repeated  for  the  short  length. 


8,200;  8,500;  10,600  Angstroms 
5  dB/km  (maximum) 
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3.1.4  DATA  REDUCTION 

The  attenuation  at  each  wavelength  and  injection  numerical 
aperture  (N.A.)  is  calculated  per  the  relation 

a  (N.A. ,  X)  «*10  l0g  dB/fcn 

lL*lR 

where  VL  *  output  voltage  detected  through  long  length 

and  VR  *  output  voltage  detected  through  reference  length 
Lr  (Lr-  1  m) 

3.1.5.  TEST  RESULTS  REPORTING 

The  attenuation  of  each  test  fiber  at  all  three  wavelengths 
with  an  input  N.A.  of  .089  will  be  reported. 

3.1.6  TEST  FACILITY  AND  PERSONNEL 

ITT-EOPD  measurement  equipment  and  personnel  will  be  used. 

3.2.  DATA  TRANSMISSION 

3.2.1  SPECIFICATION 

Pulse  dispersion  2  nsec/km  maximum 

3.2.2.  TEST  DEFINITION 

The  501  Cor  3dB)  optical  pulse  dispersion  of  the  test  fiber 
will  be  measured  at  9,000  Angstroms. 

_ Roanoke.  Virginia _ 
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3.2.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  of  Figure  3-2  will  be  used  to  measure  pulse 
dispersion.  The  substitutionary  procedure  of  Method  60S0  of 
DOD-STD-1678  will  be  utilized.  The  substitutionary  reference 
pulse  will  be  measured  periodically  using  a  one  to  ten  meter 
length  of  graded  index  fiber  similar  to  that  used  in  the  cables. 
A  typical  input  pulse  is  shown  in  Figure  3-3. 


During  the  procedure,  one  end  of  the  fiber  is  positioned  in 
the  input  beam  to  obtain  maximum  o  r.tput  with  the  laser  pulsed 
just  above  threshold.  The  output  waveform,  detected  by  the 
PIN  diode,  is  displayed  on  the  sampling  scope  and  a  permanent 
record  made  with  the  X-Y  recorder. 

3.2.4.  DATA  REDUCTION 

The  dispersion  of  the  fiber  is  calculated  per  the  relation* 


X ( 50)  -  C  WL2  WR2)  1/2  ns/km 
'  r  .I 
lL  lr 

where  X  (50)  »  pulse  dispersion  in  ns/km  measured  at  50%  of 
the  maximum  pulse  amplitude. 

■  •  pulse  Width  at  50%  maximum  pulse  amplitude  of 

the  long  test  fiber  output  waveform  in  ns. 

WR  -  pulse  width  at  50%  maximum  pulse  amplitude  of 
*  the  reference  test  fiber  output  waveform  in  ns 

_ _ Roanoke.  Virginia _ 
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*  length  of  long  test  fiber  in  km. 

L^  -  length  of  reference  test  fiber  in  km. 

The  values  of  WL  and  WR  are  obtained  graphically  from  the 
waveforms  recorded  on  the  X-Y  recorder. 

3.2.5  TEST  RESULTS  REPORTING 

The  50%  pulse  dispersion  of  the  test  fiber  shall  be  reported. 

3.2.6  TEST  FACILITIES  AND  PERSONNEL 

ITT-EOPD  measurement  equipment  and  personnel  will  be  used. 

.  * 

3.3.  NUMERICAL  APERTURE  (N.A.) 

3.3.1  SPECIFICATION 
. 14  minimum 

3.3.2  DEFINITION  OF  TEST 

The  exit  N.A. ,  defined  as  sin  d,  where  i  is  the  cone  angle 
containing  90%  of  the  output  power,  of  each  cabled  fiber  will 
be  measured. 

3.3.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  of  Figure  3-4  will  be  used.  First,  ends  are 
made  at  both  fiber  ends  by  the  scribe  and  break  technique. 

_ Roanoke,  Virginia _ 

10 

A-78 


nr  Electro-Optical  Products  Division . 


Mode  stripping  compound  is  applied  near  each  end.  The  output 
end  is  positioned  in  the  Pfflax  position  of  Figure  1.3,  perpen¬ 
dicular  to  and  centered  on  the  detector  surface .  The  input  end 
is  then  positioned  in  the  .336  N.A.  source  beam  for  maximum 
output.  The  detector  is  then  moved  away  rrora  the  outpuu  end 
to  a  position  corresponding  to  an  N.A.  of  0.11.  The  output 
end  is  then  positioned  for  maximum  output  to  insure  proper 
alignment  to  the  detector  surface.  The  detector  is  then  re¬ 
turned  to  the  Pfflax  position,  and  Paax  is  recorded. 


The  detector  is  then  moved  away  from  the  output  end  until  the 
output  level  drops  10%  from  the  Pmax  value.  At  this  time 
the  separation  2^  between  the  fiber  output  end  and  the 
detector  surface  is  measured  and  recorded. 


3.3.4  DATA  REDUCTION 

The  exit  N.A.  is  calculated  from  the  relation 
rd 

TTT  2,  1/2 


N.A. 


ZN.A.^ 

where  r^  «  radius  of  large  area  detector  in  mm. 

and  2^  *  measured  distance  between  the  fiber  output  end  and 

the  detector  surface  at  90%  output  power  level  in  mm. 
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3.3. S  TEST  RESULTS  REPORTING 

The  N.A.  of  the  test  fiber  will  be  reported. 


3.3.6  TEST  FACILITY  AND  PERSONNEL 

ITT-ECPD  measurement  equipment  and  personnel  will  be  used 


l 


I 


I 
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4.0  MECHANICAL  AND  ENVIRONMENTAL  TEST  PROCEDURES 


4.1  TENSILE  LOAD 

4.1.1  SPECIFICATION 
Gage  Length 
Load 

Post  load  attenuation 
Visual 


6  m 

131.44  kg  for  1  mimute 
a  <_  SdB/tan 

No  damage  or  degradation 


j 

i 

I 

i 


4.1.2  TEST  DEFINITION 

A  six  meter  gage  length  of  cable  is  subjected  to  a  tensile 
load  of  131.44  kg  for  a  period  of  one  minute.  The  attenuation 
of  the  cabled  fibers  is  monitored  during  the  entire  test. 


For  additional  data  on  long  term  effects  the  static  load  is 
then  reapplied  for  a  period  of  48  hours  during  which  the  trans¬ 
mission  through  the  fibers  is  monitored.  I 

i 

I 

« 

i 

4  1.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  of  Figures  4-1  and  4-2  will  be  used,  respectively,  i 

j 

to  apply  the  tensile  load  and  monitor  any  changes  in  trans-  1 

mission  during  the  test.  The  cable,  wound  on  a  suitable  reel, 

i 

is  prepared  for  the  test  by  mounting  connectors  on  the  inner  ! 

end  of  the  cable  and  stripping  the  jacket  from  1  m  at  the  outer  j 

_ Roanoke.  Virginia _ 1 
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end  of  the  cable.  The  outer  end  of  the  cable  is  then  positioned  | 

in  the  aooaratus  of  Figure  4-1.  Aouroximatelv  10  m  of  the  ' 

"  I 

cable  end  is  left  free  to  prevent  jacket  slippage  at  the  | 

termination  pulley.  Ends  are  prepared  on  the  fiber  at  the 
other  end  and  the  fibers  placed  in  the  output  coupling  fixture 
of  the  monitor  unit  of  Figure  4-2.  The  connectors  are  then 
joined  to  the  bulkhead  connectors  on  the  monitor  unit.  Initial 
values  are  recorded  of  the  detector  voltages  of  the  monitor  and  *j 

output  detectors  and  the  chart  recorder  turned  on.  The  load  I 

j 

is  applied  for  one  minute.  The  load  is  applied  and  removed  as 

t 

quickly  as  reasonable  but  not  instantaneously.  The  time  the 
load  is  obtained  and  removed  will  be  noted  for  correlation  with  j 
stripchart  data.  Following  the  removal  of  the  load,  the  cable 
is  allowed  to  recover  at  a  nominal  tension  for  a  minimum  period 
of  30  minutes.  The  load  is  then  reapplied  and  the  monitor  and 
output  detector  voltages  measured  either  periodically  or 
continuously  for  a  period  of  48  hours. 


4.1.4  DATA  REDUCTION 

Differential  attenuation  is  calculated  for  each  fiber  at  test 
points  of  interest  per  the  relation. 

A  o  *  10  log  Vt  -  10  log  V 
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where  Vt  *  voltage  at  monitor  detector  at  time  of  measurement 

V4  *  voltage  at  output  fiber  detector  i  (i*l, 

2, . 6)  at  time  of  measurement 

V  -  voltage  at  monitor  detector  at  beginning  of  test 

) 

and  V^Q  3  voltage  at  output  fiber  detector  i  at  beginning  ' 

of  test  j 

Points  of  interest  shall  be  initial  and  final  values,  ' 

i 

minimum  and  maximum  deviations  plus  any  points  of  significant 

‘ »  i 

change. 


4.1.5  TEST  RESULTS  REPORTING 

t 

A  graph  of  differential  attenuation  as  a  function  of  time  and 
tensile  load  will  be  provided  for  each  sample  tested. 

4.1.6  TEST  FACILITY  AND  PERSONNEL 

ITT-EOPD  measurement  equipment  and  personnel  will  be  used. 
Rental  of  a  multipen  stripchart  recorder  may  be  required. 

4.2.  MECHANICAL  TESTS 

4.2.1  SPECIFICATIONS 


Impact 

200  impacts  at  .415  kg-m  (objective) 
limit  to  be  determined 

Bend 

2000  cycles  (specification) 

limit  to  be  determined  (4000  cycles  maximum) 

Twist 

2000  cycles  (specification) 

limit  to  be  determined  (4000  cycles  maximum) 
Rnannkn.  Virginia 
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4.2.2  TEST  DEFINITION 

Cable  samples  will  be  subjected  to  Impact,  Twist  and  Bend 
testing  per  paragraph  4.S.4.1  of  M1L-C-13777F  at  ambient 
temperatures  of  68  to  95°  F,  160°F,  and  -650F. 


4.2.3  TEST  EQUIPMENT  AND  PROCEDURE 

Per  paragraph  4. 5. 4.1  of  M1L-C-13777F  except  that  optical 
continuity  of  the  fibers  shall  be  monitored  where  electrical 
continuity  is  required.  Optical  continuity  will  be  monitored 
by  illuminating  one  end  of  the  fiber  with  a  standard  microscope 
illuminator  and  recording  the  output  level  with  a  photodetector 
and  stripchart  recorder. 


4.2.4  TEST  RESULTS  REPORTING 

The  level  of  mechanical  stress  and  the  number  of  cycles  preced¬ 
ing  any  fiber  breakage  shall  be  reported  for  each  test  and  test 
sample. 


4.2.S  TEST  FACILITY  AND  PERSONNEL 

Test  facility  not  yet  determined.  ITT-EOPD  personnel  will  assistj 
in  performing  the  tests  at  test  facility. 

4.3  VIBRATION 


.Roanoke.  Virginia. 
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4.3.1  SPECIFICATIONS 


Vibration  Environment 

Sweeps 
Sweep  Time 

Past  Test  Cable  Properties 


per  curve  W 
Figure  14.2-6, 

MIL -STD  8 IOC 

3  parallel  to  sample  axis 
3  orthogonal  to  sample  axis 

IS  minutes 

Attenuation  <S.Q  dB/km 
at  specified  wavelengths 
(per  paragraph  3.1) 


4.3.2  TEST  DEFINITION 

A  full  length  test  sample  (>_  300  m)  wound  on  a  suitable  reel 
is  subjected  to  vibration  testing  along  two  axes  per  method 

514.2  procedure  VIII  of  M1L-STD-S10C.  Following  the  test,  the 
optical  attenuation  of  the  sample  is  measured  per  paragraph  3.1. 


4.3.3.  TEST  EQUIPMENT  AND  PROCEDURE  j 

i 

The  equipment  and  procedure  to  be  used  will  follow  method  j 

514.2,  Procedure  VIII  of  M1L-STD-810C.  A  sample  greater 
than  300m  in  length  wound  on  a  suitable  reel  will  be  secured 
to  a  suitable  vibration  table  with  the  motion  axis  parallel  ! 

to  the  reel  axis.  The  sample  is  then  vibrated  per  curve  W  j 

i 

of  Figure  514.2-6  of  M1L-STD-810C  for  three  15  minute  sweep  j 

I 

cicles.  The  sample  is  then  rotated  and  secured  on  the  vibra¬ 
tion  table  so  that  the  motion  axis  is  perpendicular  to  the  reel  | 

_ Roanoke.  Virginia  1 
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axis  and  the  sweep  cycles  repeated. 

Following  the  vibration  testing  the  attenuation  of  the  sample 
cable  is  measured  per  the  procedures  and  requirements  of 

! 

paragraph  3.1.  , 

( 

I 

4.3.4  DATA  REDUCTION  ! 

The  attenuation  of  each  cabled  fiber  is  calculated  per  Section  j 

I 

3.1.4.  i 

f 

I 

! 

I 

4.3.5  TEST  RESULTS  REPORTING  j 

The  pre  test  and-  post  test  attenuation  of  each  cabled  fiber  j 

will  be  reported.  I 

I 

I 

j 

4.3.6  TEST  FACILITY  AND  PERSONNEL  i 

ITT-EOPD  measurements  personnel  and  equipment  will  be  used.  ! 

i 

4.4  TEMPERATURE  SHOCK  | 


4.4.1  SPECIFICATION 

Test  Conditions:  peT  Method  503.1  of  M1L-STD-810C 

Post  Test  Performance:  attenuation  <5.0dB/km  at 

specified  wavelengths  per 
paragraph  3.1  j 
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4.4.2  TEST  DEFINITION 

Test  cables  in  lengths  greater  than  300  m  are  subjected  to 
sudden  ambient  temperature  changes  to  determine  the  permanent 
effect  of  such  environmental  factors  on  cable  attenuation. 


4.4.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  and  procedure  described  in  Method  503. 1, 

Procedure  I,  M1L-STD-810C  will  be  used.  Following  the  final 
cycle  at  room  temperature,  the  attenuation  of  the  cabled  fibers 
is  measured  per  the  procedure  and  requirements  of  paragraph  3.1. 


4.4.4.  DATA  REDUCTION 

The  attenuation  of  each  cabled  fiber  is  calculated  per 
paragraph  3.1.4. 


4.4.5  TEST  RESULTS  REPORTING 

The  pre  test  and  post  test  attenuation  of  each  cabled  fiber 
will  be  reported. 


4.4.5  TEST  FACILITY  AND  PERSONNEL 

ITT-EOPD  measurement  equipment  and  personnel  will  be  used. 


4.5  HUMIDITY 


.Roanoke,  Virginia _ 
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4.5.1  SPECIFICATION 
Test  Conditions. 

Post  Test  Performance 

4.5.2  TEST  DEFINITION 


per  Method  507.1  Procedure  II,  M1L- 
STD-810C,  deleting  measurements 
during  test. 

attenuation  <5.0  dB/km  at  specified 
wavelengths  per  paragraph  3.1 


A  test  cable  whose  length  is  a  minimum  of  300  m  will  be  sub¬ 
jected  to  temperature  cycling  at  high  ambient  humidity  to 
determine  what  effect  warm,  humid  environments  have  on  cable 
attenuation. 

4.5.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  and  procedure  to  be  used  is  described  in  Method 
507.1,  Procedure  II  cf  M1L-STD-310C  with  the  exception  that  the 
in  test  measurements  are  deleted.  Following  the  test,  the 
attenuation  of  the  cabled  fibers  is  measured  per  the  procedures 
and  requirements  of  Paragraph  1.1. 

4.5.4  DATA  REDUCTION 


The  attenuation  of  each  cable  fiber  is  calculated  per  Paragraph 


3.1.4. 


4.5.5.  TEST  RESULTS  REPORTING 

The  attenuation  of  the  cabled  fibers  before  and  after  humidity 

i 

I 

_ ; _ Roanoke.  Virginia _ I 
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testing  will  be  reported. 

4.5.6  TEST  FACILITY  AND  PERSONNEL 

ITT-EOPD  measurement  equipment  and  personnel  will  be  used. 


i 

i 


4.6.  FUNGUS 


4.6.1  SPECIFICATIONS 
Test  Conditions 


Sample 

Post  Test  Performance 


per  Method  503  of  M1L-STD-810C, 
controls  required  to  show  profuse 
growth  over  50%  of  the  area  after 
14th  and  28th  days  of  test. 

"  each  per  cable  type, 

50  cm  long 

No  visible  growth  of  fungus  on  test 
samples  except  sparse  and  tuberal 
development  of  the  fungus  spore  and 
no  more  than  two  unrelated  minute 
colonies . 


4.6.2  TEST  DEFINITION  I 

I 

Cable  samples  are  exposed  to  fungi  in  an  environment  conducive  j 
to  fungus  growth  to  determine  the  resistance  of  the  cable  to 

fungal  growth.  | 

i 


4.6.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  equipment  and  procedure  to  be  used  is  described  in  Method 


Roanoko .  Virginia 
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508.1  of  M1L-STD  810C.  As  certain  cleansing  agents  are  known  to 
inhibit  the  growth  of  fungus,  the  sample  will  be  cleaned  a 
minimum  of  one  hour  prior  to  starting  the  test  to  allow  total 
evaporation  of  the  cleansing  agent. 

4.6.1  TEST  RESULTS  REPORTING 

Descriptions  of  the  control  and  test  samples  at  prescribed  in¬ 
spection  internals  and  following  test  completion  will  be  in¬ 
cluded  in  the  testing  lajoratory's  report. 

4.6.S  TEST  FACILITY  AND  PERSONNEL 

Tests  will  be  conducted  by  Aerospace  Research  Corporation  of 
Roanoke,  Virginia. 

4 . 7  NUCLEAR  SURVIVAB IL ITY 


4.7.1 

SPECIFICATIONS 

A) 

Exposure 

gamma  radiation  -  103  -  10s 

Roentgens  (Cobalt  60) 
Neutrons  -  1012  -  1011*  /cm2 
(1  MeV  equivalent) 

B) 

Time  of  Exposure 

<10  second 

C) 

Cable  Survivability 

efforts  to  be  determined 

Roanoke ,  Virginia. 
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MICROCOPY  RESOLUTION  test  CHART 

NATiONAl  BUREAU  of  STANDARDS -'B6S"  * 


Eiactro-Cptica!  Products  Division 


4.7.2  DEFINITION  OF  TEST  j 

! 

Portions  of  a  cable  sample  will  be  exposed  to  the  radiation  j 

levels  described  above.  Differential  attenuation  of  the  cabled  | 

i 

fibers  will  be  monitored  during  exposure  and  for  a  period  i 

I 

following  exposure  to  determine  the  effect  on  attenuation. 

4.7.3  TEST  EQUIPMENT  AND  PROCEDURE 

The  cable  sample  will  be  connectored  for  use  with  the  monitoring  | 

j 

equipment  of  Figure  4-2.  The  length  of  the  test  cable  that  is  j 
exposed  to  the  radiation  will  be  determined  by  the  test  chamber  \ 

i 

capability  of  the.  test  laboratory.  Two  laboratories  are  being  j 

i 

considered  as  test  facilities  at  this  time:  U.  S.  Naval  | 

Research  Laboratory  in  Washington,  D.  C.  and  Harry  Diamond 
Laboratory,  in  Adelphi,  Maryland.  The  test  specimen  will  be 
sufficiently  long  (100  m)  to  permit  use  of  the  monitoring 
equipment  of  Figure  4-2. 

i 

The  output  of  the  cabled  fibers  will  be  monitored  before, 
during  and  following  radiation  exposure  to  determine  the 
effects  on  the  attenuation  of  cabled  fibers. 

4.7.4  DATA  REDUCTION 

The  differential  attenuation  of  each  cabled  fiber  will  be 
determined  per  Paragraph  4.1.4.  j 


Roanoke,  Virginia. 


Electro-Optica!  Products  Division 


4.7.5  TEST  RESULTS  REPORTING 

The  differential  attenuation  of  each  cabled  fiber  during  the 
test  will  be  reported. 

4.7.0  TEST  FACILITY  AND  PERSONNEL 

Test  facility  not  yet  determined.  ITT-EOPD  personnel  will 
assist  test  facility  personnel  in  conducting  the  test.  Rental 
of  a  multi-Pen  stripchart  recorder  may  be  required. 


I 


( 


Roanoke.  Virginia. 
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QUALIFICATION  TEST  REPORT 
FOR  ULTRA  LOW  LOSS 
FIBER  OPTIC  CABLE  ASSEMBLIES 


QUALIFICATION  TEST  REPORT 
FOR 

ULTRA  LOW  LOSS 

FIBER  OPTIC  CABLE  ASSEMBLIES 
CONTRACT  DAAB07-78C-2922 
ITT  PROJECT  36027 


QUALIFICATION  TEST  REPORT 
FOR 

ULTRA  LOW  LOSS 

FIBER  OPTIC  CABLE  ASSEMBLIES 
ITT  Pro j act  36027 


HUGHES  AIRCRAFT  COMPANY 
CONNECTING  DEVICES  DIVISION 
17150  von  Raman  Avenue 
Irvine,  California  92714 


APPROVED  BY: 


a. 


A.  C.  Villere,  Manager 
Reliability  and  Quality 
Assurance 


DATE : 


APPROVED  BY: 


ITT  -  Co  *  5 


DATE: 


TABLE  OF  CONTENTS 


ADMINISTRATIVE  DATA 
ABSTRACT 

SECONDARE  STANDARDS 

DESCRIPTION  OP  TEST  EQUIPMENT 

TEST  SCHEDULE 

SUBGROUP  1 

SUBGROUP  II 

SUBGROUP  III 

SUBGROUP  IV 

SUBGROUP  V 

SUBGROUP  VI 

PHOTOGRAPHS  AND/OR  GRAPHS 


Rep*  (lt  Vo.  <Lbl7J-2 
Vo.  1 


ADMINISTRATIVE  DATA 


PURPOSE  OP  TEST: 

MANUFACTURER: 

MANUFACTURERS  TYPE  OR 
MODEL  NUMBER: 

CUSTOMER  PART  NUMBER: 

DRAWING  SPECIFICATION 
OR  EXHIBIT: 

QUANTITY  OF  ITEMS  TESTED: 

SECURITY  CLASSIFICATION  OF  ITEMS: 
DATE  TEST  COMPLETED: 

TEST  CONDUCTED  BY: 

DISPOSITION  OF  SAMPLES: 


Qualification 

Hughes  Aircraft  Company 
Connecting  Devices  Division 
17150  Von  Karman  Avenue 
Irvine,  California  92714 

1143820S  Plug 
1127132-1S  Receptacle 
1093201-051F400S  Pin 
1093202-051F400S  Socket 
#80581001  ITT  Ultra  Low  Loss  Cable 


ITT  Project  Test  Plan 
Dated  April  3,  1981 


6  ^ 


Unclassified  ^ 


July  23,  1982 


Reliability  Test  Laboratory 
Hughes,  Irvine 


ITT  Electro-Optical 
Products  Division 
7635  Plantation  Road,  N.W.  / 
Roanoke,  Virginia  24019 


ABSTRACT:  PROBLEMS  AMD  DISCUSSION 


In  performing  Che  Immersion  Tesc  (Para.  6.6  Ultra  Low  Loss  Conneccor 
Tesc  Plan)  on  sample  numbers  l  and  3,  Insertion  losses  in  excess  of  the 
specification  limit  (2.0  were  observed.  The  samples  were  chen  dis¬ 
assembled  to  establish  che  reasons  for  these  failures. 

During  this  examination  it  was  found  chat  che  samples  displayed 
signs  of  corrosion.'  This  was  due  Co  using  a  test  chamber  chat  had  been 
previously  used  for  a  salt  wacer  immersion  test.  This  chamber  was  im¬ 
properly  cleaned  before  che  Immersion  Tesc  and  was  therefore  contaminated 
with  salt  crystals .  Also,  che  disassembly  of  the  connector  revealed  corn 
o-rings  inside  che  conneccor  body  as  well  as  che  strain  relief  housing. 

This  was  che  result  of  missing  a  step  (lubrication)  in  che  conneccor 
assembly  procedure. 

The  disassembled  connectors  were  chen  cleaned  with  distilled  water. 

The  damaged  internal  o-riags  were  replaced  and  Che  connectors  were  re¬ 
assembled.  The  samples  were  Chen  remated  and  insertion  loss  measurements 
were  taken.  The  initial  measurements  revealed  no  losses  in  excess  of 
2.0  dB.  The  samples  were  chen  placed  in  a  new  immersion  chamber  and  the 
Immersion  Tesc  was  reconducced.  This  second  test  resulted  in  failures, 
just  as  che  first. 

A  new  sample  was  prepared  in  order  ro  determine  che  leakage  paths 
for  che  immersion  failures.  After  a  thorough  analysis,  it  was  shown 
chat  che  o-rlngs  when  properly  installed  do  noc  leak.  The  sample  was 
subjected  to  pressures  up  to  45  PSI.  The  leakage  oath  was  found  to  have 
been  che  chreed  area  of  the  protective  cube  and  receptacle  shell.  It 
should  be  pointed  out~ac  chis~tlma  chat  che  receptacle  was  noc  designed 
for  this  type  of  environment;  i.e.,  che  protective  cube  is  Inside  che 
bulkhead.  However,  if  this  environment  is  required  of  che  receocacle 
conneccor,  provisions  can  be  made. 

9 

Minor  difficulty  waa  experienced  when  failure  oceured  at  four  service 
contacts.  Two  fibers  cracked  at  the  rear  of  che  single  channel  connectors 
by  jolts  during  transportation  of  the  cast  stacion.  The  ocher  two  failures 
were  due  to  improper  epoxy  filling  of  the  service  contacts.  See  accompanying 
pictures . 
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Correction  accomplished  by  removing  the  discrepancy  from  each 

riber  and  recerainaciag  the  fiber  with  a  new  contact.  Oaca  vas  adjusts 
accordingly  to  compensate  tor  any  differences  that  the  new  termination 

caused. 
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Q9Q*  MA  6  '31  09:  *0  PVT  07/05/92 

4~Z~Z  MA  6  AZHU0HES  IRVINE.  CA  09*40  PDT  07/05/52 
/TLX  929455  ITT  S0P0  ROA 
/ATTN*  MR.  D.  C.  MINOR 
/ 79530?  a 

/V/////Z 

06  JUL/32  CW 
MSG  7-3369-32 


TO* 

ITT  EOPD 

ROANOKE,  VA 

ATTN* 

MR.  D.  C.  MINOR 

CC* 

KRAFT  ELECTRONIC  SALES,  TOWSON 

REF* 

P.O.  34279 

SUBJ* 

QUALIFICATION  TEST 

CONFIRMING  OUR  DISCUSSION  WITH  CHUCK  HAND  ON  '7/1/32,  2  EA  OF 
THE  CONNECTOR/CABLS  SAMPLES  SUBJECTED  T0  THE  rMMUSION  TEST 
HAVE  DEMONSTRATED  INSERTION  LOSS  READINGS  BEYOND  SPECIFICATION 
LIMITS.  PRELIMINARY  FAILURE  ANALYSIS  INDICATES  THAT  THE  WATER 
IS  ENTERING  THE  CONNECTOR  THROUGH  THE  REAR  PORTION  OF  THE 
BULKHEAD  CONNECTOR.  PER  YOUR  DIRECTION  HUGHES  WILL  CONTINUE 
WITH  ANALYSIS  TO  PIN  POINT  THE  AREAS  OF  LEAKAGE  IN  THE 
BULKHEAD  AND  INSURE  THE  PROPER  FUNCTIONING  OF  THE  PLUG 
CONNECTORS  SEALS.  QUALIFICATION  TESTING  FOR  ALL  SAMPLES  WILL 
RESUME  7/6. 


REGApDGr 
iffRV  JARNIGA N 
HflSHEb  HiRcrwT  scwpanv 
connecting  devices  DIVISION 


"'F^E^Z^C 

/-Z^Z  7  ~ZHUOHES  IRVINE,  CA  09*41  PDT  07/05/S2 

/TWX  7102329351  KRAFT  SLS  TWSN 

/ATTN* 

/ 79530? 

/~Z~0 
/-'Z-'C-'Z-'O 
#♦  BYE  #-* 

connect  10  s«cs  listed  09*47  PDT  07/05/32 


Vo.  5 


Q9Q:  MA  26  Q1  16*26  PDT  07/06/32 

4^  1*1  NA  26  ''ZHUOHES  IRVINE.  CA  16*26  PDT  07/06/32 
/TLX  329433  ITT  EOPD  ROA 
/ATTNs  NR.  0.  O'.  NINOR 
/ 79530? 

/-'z-'a 

/Y ////// 

06  JUL/32  CW 
MSG  7-3330-32 

TO*  ITT  EOPD 

ROANOKE.  VA 

ATTN:  NR.  D.  C.  NINOR 

CC:  KRAFT  ELECTRONIC  SALES,  TOWSON,  ND 

REF:  HUGHES  NSG  47-3369-32 

StJB-J:  •  QUAL  TEST 

HUGHES  RELIABILITY  TEST  LAB  PROCEDURES  REQUIRES  WRITTEN 
AUTHORIZATION  TO  CONTINUE  INTO  THE  NEXT  TEXT.  PLEASE 
ACKNOWLEDGE  THE  ABOVE  REFERENCED  MESSAGE  BY  RETURN  TWX. 

PcSflBOS 

K  TERRY 

HUGHES  AIRCRAFT  COMPANY 
CONNECTING  DEVICES  DIVISION 

TWX  910-393-2523 


~F~E~Z~C 

/"Z^Z  27  ^ZHUOHES  IRVINE,  CA  16:26  PDT  07/06/92 

/TWX  7102329331  KRAFT  SL3  TWSN 

/ATTN: 

/ 79330? 

/-'Z~8 

/  —  2^0^*  ■"'Q 

**  BYE  ** 

connect  6  s«cs  1  16*32  PDT  07/06/32 


a-io 
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STARTING  Unit  2 
P*44  30  M«)344«  #52 

RX  TWX:  * 

HACCONN  IRIN 

HACCONN  IRIN 


ITT  SQl 

TO  (J  JARNIOAN 

from  Va 

DATE  JULY  7  1932 
MSG  3057-92 


IL'GHES  AIRCRAFT  CO  IRVINE  CA 
ITT  EOPD  ROANOKE  VA 


REF  A  EOPD  ORDER  34279 

9  HUGHES  MSG  7-3369-92  AND  7-3290-92 


EOPD  CONFIRMS  TELECOM  INSTRUCTION  TO  CONTINUE  QUAL  TESTING. 
REPORT  TO  ADVISE  LEARAGE  POINT  FOUND  IN  BULKHEAD. 

REGARDS 


MINOR 

MCK 

NNNN 


HACCONN  IRIN 

ITT  EOPD  ROA~ 

P»a*  34  IS  HIGHEST 


P«a«  34  IS  NEXT 
tilM  070611  DISCONNECT 
connect  92  s«cs  I  ist*<i  06»  11  PVT  07/07/92 


WRITTEN 
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SECONDARY  STANDARDS 


Secondary  Standards  in  possession  of  and  controlled  by 
Electronic  Standards  Laboratory,  Hughes  Newport  Beach , 
and  used  In  calibration  of  transfer  and  working  standards . 

The  calibration  of  the  equipment  is  directly  traceable  to 
Primary  Standards  in  possession  of  and  controlled  by  the 
Primary  Standards  Laboratory,  Hughes  Aircraft  Company, 
Centinella  and  Teal  Streets,  Culver  City.  California. 
They,  in  turn,  show  traceability  to  the  National  Bureau 
of  Standards . 


r#ar  -  c  5  i  7ZS 


TEST  SCHEDULE 


SUBGROUP  Z 

Examination 
Coupling  Loss 
Mating  Durability 
Bataml  *»»tic?n 
Coupling  Loss 
Immarsion 
Examination 
Coupling  Loss 
Cabla  Ratantion 
Examination 
Coupling  Loss 


SUBGROUP  II 

gyjwt 

Coupling  Loss 
Mating  Durability 
Examination 
Coupling  Loss 
Cabla  Ratantion 
Examination 
Coupling  Loss 


SUBGROUP  III 

Examination 
Coupling  Loss 
Mating  Durability 
Examination 
Coupling  Loss 
Immarsion 
Examination 
Coupling  Loss 
Flax  Life 
Examination 
Coupling  Loss 
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TEST  SCHEDULE,  CONT 


7 tbj.7ja 

A**C  <Va.  1  3 


SUBGROUP  rv 

Examination 
Coupling  Loss 
Mating  Durability 
Examination 
Coupling  Loss 
Twist 

Examination 
Coupling  Loss 

SUBGROUP  V 

Examination 
Coupling  Loss 
Flax  Li£a 

gyjwwi  na-h-j^n 

Coupling  Loss 

SUBGROUP  VZ 

Examination 
Coupling  Loss 
Twist 

Examination 
Coupling  Loss 
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SUBGROUP  I 
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,SAMT  MO. 


TESTED  rfT^  TW  R.H. 

_  19*1  J17 1  57* 


REQUIREMENT : 


PROCEDURE: 


Prepare  a  20m  length  of  optical  cable  for  each 
test  sample  vising  appropriate  preparation 
techniques . 

The  baseline  measurements  were  performed  as 
follows:  The  uncut  cable  and  reference  fibers 
were  installed  on  the  transmitter  for  a  series 
of  optical  power  measurements  to  establish  the 
initial  power  ratio  for  each  fiber  in  the  cable 
to  the  reference  fiber.  These  values  form  the 
basis  for  all  subsequent  insertion  loss  readings. 
After  the  characterization  was  completed,  the 
cable  was  cut  and  a  mating  pair  of  connectors 
were  installed  rejoining  the  original  fibers. 

A  new  set  of  optical  power  ratios  were  taken  to 
determine  the  coupling  loss  for  each  fiber.  The 
insertion  loss  was  the  difference  between  the 
current  potter  ratio  for  a  given  fiber  and  the 
power  ratio  obtained  during  the  characterization 
phase. 

Loss  (db)  »  Current  power  ratio  (db)  - 
Initial  power  ratio  (db) 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


COMPUTCR  85 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 

*1 


SOURCE  BCXS 
DETECTOR  BCKS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No.  -Zfi. 
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TEST 


hutt  no. 


HUGHES  CONNECTING  C 

lEVICES 

INSERTION  LOSS 

ifittWCAfiON 

CD  1699-^ 

aumgT 

6-2.5 _ 

TESTED  IT 

!aai 

' 

TCMP  n.H. 

REQUIREMENT : 


PROCEDURE: 


TEST  EQUIPMENT: 

TEST  SAMPLES: 


Tlia  insertion  loss  of  a  mated  pair  of  conn  ac¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  l.S  db . 


The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  currant  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PRO  (db)  -  CPR  (db) 


IPR  (db) 


COMFUTOR  35 
DATA  ACQUISITION  UNIT 
DOTAL  VOLTMETER 
POWER  SUPPLTS 


SOURCE  BCKS 
DETECTOR  BGXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No.  12Z 
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NEUTPAl 
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Flexing  Apparatus  Oaanargizad. 
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HUGHES  CONNECTING 


[TEST 


.PART  NO. 


INSERTION  LOSS 


REQUIREMENT : 


PROCEDURE: 


TEST  EQUIPMENT: 


TEST  SAMPLES : 


TEST  RESULTS: 


gVICES 

DATE  STARTED 

CP  1699 

TESTED  rf^?7 


DATE  COMRQETEC 

&-33-8J 

HAacT 


The  insertion  loss  of  a  mated  pair  of  connec¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.5  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  fh«  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  currant  power  ratio  (epr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 

PHD  (db)  -  CPR  (db)  -  IPR  (db) 


COMPUTOR  as 
DATA  ACQUISITION  UNIT 
DIHAL  VOLTMETER 
POWER  SUPPUTS 


SOURCE  3CXS 
DETECTOR  BC3CS 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No.  "TO 
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CONNECTING 


TEST 


miit  no. 


MATING  DURABILITY 


CD  1699  6. 


||m^OE^l|ni3HEE2i 


REQUIREMENTS : 


PROCEDURE: 


Counterpart  connectors  will  be  capable  of  meeting’ 
the  requirements  of  succeeding  tests  after  1000 
mating  and  unmating  cycles  without  additional 
lubrication  of  the  coupling  devices.  The  con¬ 
nector  mating  £aces  may  be  cleaned  after  every 
50  cycles. 

The  receptacle  connector  vas  mounted  to  a  simu¬ 
lated  panel  with  its  jam  nut.  The  optical 
transmitter  was  connected  to  a  dc  power  source. 

The  plug  connector  was  aligned  and  engaged  with 
the  receptacle,  being  rotated  until  the  connectorsi 
were  fully  engaged.  Then  the  coupling  ring  was 
rotated  in  the  apposite  direction  until  connectors 
were  fully  uncoupled.  The  two  connector  halves 
ware  completely  separated.  This  process  was 
repeated  for  a  total  of  1,000  cycles.  No  lubri¬ 
cation  was  applied  during  this  testing. 


TEST  EQUIPMENT: 


COMPTJTCR  85 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPFLYS 


SOURCE  BCKS 
DETECTOR  BCXS 
DURABILITY  TEST  FIXTURE 


TEST  SAMPLES: 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 


"""Connecting  Devices 


CD- 1732 


id 

nat 


CONNECTING 


TEST 


.AMT  NO. 


VISUAL  EXAMINATION 


REQUIREMENTS : 


PROCEDURES ■ 


Whan  tastad  par  tha  specification  all  test  sam- 
plas  shall  meet  tha  requirements  of  tha  applicahli 
documents. 

Tha  connactors  wars  visually  inspactad  to  maat 
tha  requirements . 


TEST  SAMPLES: 


TEST  RESULTS: 


TH£  mr  SA/*rt.*  *£  1~  Tf*S 
SPff c;  fil  KATioJ 


HUGHES  CONNECTING 


TEST 


MMT  NO. 


INSERTION  LOSS 


REQUIREMENT: 


PROCEDURE: 


(  *  TEST  EQUIPMENT: 


TEST  SAMPLES: 


TEST  RESULTS: 


The  insertion  loss  of  a  mated  pair  of  connec¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  l.S  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 

PRD  (db)  -  CPR  (db)  -  IPR  (db) 


SOURCE  BCKS 
DETECTOR  BGXS 


COMPUTOR  85 
DATA  ACQUISITION  UNIT 
DOTAL  VOLTMETER 
POWER  SUPPLYS 

0l 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS . 

SEE  PAGE  No.  31 
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DEVICES 


IMMERSION 


OATC  STARTED 


IFICATl 
CD  1699 


QATE  COMPLETES 


v&k 


AO. 

6.6 


part  mo. 


tested  rr 


TEMP 


R.M 


-  1 _ 

REQUIREMENT:  The  stated  connectors  shall  exclude  water  from  the 

sealed  interior  portions  when  immersed  in  water 
to  a  depth  of  1.33a.  The  connectors  shall  stain- 
tain  continuity  throughout  the  exposure  and 
shall  meet  the  insertion  loss  requirement  at  the 
conclusion  of  the  exposure. 


PROCEDURE:  The  stated  connectors  were  installed  inside  the 

water  container  with  the  transmitter  and  de¬ 
tector  fiber  optic  cable  brought  outside  through 
suitable  seals  to  withstand  the  test  pressure, 
with  the  optical  transmitter  connected  to  a  DC 
power  source,  the  water  vessel,  was  filled  with 
room  temperature  tap  water  to  completely  cover 
the  mated  connector  pairs.  The  water  vessel  was 
then  placed  in  an  altitude  chamber,  and  pres¬ 
surized  to  13XSa  for  a  period  of  24  hours. 


TEST  EQUIPMENT: 

TEST  SAMPLES : 


COMPUTCR  35 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  3CXS 
DETECTOR  BCKS 


TEST  RESULTS: 


Fo*. 


i 

i 

i 
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i 
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#©  -■-•Connecting  Devices  l._  L  |=£ 
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I  TEST 


,P«HT  MO. 


HUGHES  CONNECTING  DEVICES _ 

.  I04TC  STMTCO  OMTt  CCM*L£t5 

. .  S 2. _ £~£8mS£ 


VISUAL  EXAMINATION 


REQUIREMENTS : 


PROCEDURES : 


ITtSTCO  »Y  frw  (ThT 


Whan  test: ad  par  the  specification  all  test  sam¬ 
ples  shall  meat  the  requirements  of  the  applicable 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements. 


TEST  SAMPLES: 


TEST  RESULTS! 


SS£  A 


■3sTAA<.T  F*a.  Zb  steers. 
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CD- 1732 


HUGHES  CONNECTING 


INSERTION  LOSS 


.'«MT  NO. 


|  TESTED  ST 


REQUIREMENT: 


PROCEDURE: 


The  insertion  loss  of  a  mated  pair  of  connec— 
tors  sach  asssablsd  to  a  length  of  cable  will 
b*  measured  on  an  individual  optical  channel 
basis.  Ths  obj active  is  l.S  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  warn  recorded.  tht«  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PSD  (db)  »  CPR  (db)  -  IPR  (db) 


(  TEST  EQUIPMENT: 


TEST  SAMPLES: 


COMPUTOR  as 
DATA  ACQUISITION  UNIT 
DUCAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  aoxs 
DETECTOR  BCKS 


TEST  RESULTS: 
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HUGHES  CONNECTING  C 

TEST 

BsKfci 1 

CA BI*£  RETENTION 

MAAO. 

6.9 

MAT  NO. 

tiiii 

REQUIREMENTS :  The  plug  and  receptacle  samples  shall  withstand 

a  ts nsila  load  of  1780  N  (400  lbs)  for  a  period 
of  SO  seconds  without  physical  damage  and  shall 
be  capable  of  seating  the  requirements  of  suc¬ 
ceeding  tests. 


PROCEDURE:  With  the  receptacle  mounted  on  a  mounting  fixture 

with  its  jam  nut,  the  receptacle  was  installed 
in  the  upright  position.  Five  turns  min.  were 
wrapped  around  a  15. 7 S  dia  mandrel,  with  no 
excess  slack  between  the  back  side  of  the  con¬ 
nector  and  the  mandrel.  Thera  was  a  minimum  of 
160mm  separation  between  the  rear  of  the  con¬ 
nector  and  the  first  turn  on  the  mandrel.  After 
which  the  plug  and  receptacle  were  mated,  the 
mounting  fixture  turned  130°  so  that  the  plug 
connector  could  be  tested  in  the  same  manner. 
After  both  halves  of  the  connector  were  tested, 
they  were  carefully  examined. 


(  , 

TEST  EQUIPMENT i 


TEST  SAMPEESi 


COMPUTOR  85 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  BCKS 
DETECTOR  BCKS 
INSTRON  TESTER 
CABLE  RETENTION- 
TEST  FIXTURE 


TEST  RESULTS:  Ttfm  TVj  T  S/f^PCP  /*f£7*  TV*  *3ov«.  Sr+TeSP 
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SUBGROUP  II 


HUGHES  CONNECTING  DEVICES 


I.r\ «  ''11a 


VISUAL  EXAMINATION 


REQUIREMENTS : 


PROCEDURES : 


HI 


Whan  tested  per  the  specification  all  test  sam¬ 
ples  shall  meet  the  requirements  of  the  applicable 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements . 


TEST  SAMPLES: 


TEST  RESULTS: 


7*3 7“  zamPL*  *er  r»e  iPfc/^/ciW 

fti  Q 


CD-1732 


HUGHES  CONNECTING  C 

IEVICES 

TEST 

BASE  LINE  INSERTION  LOSS 

DATE  STARTED 

DATE  COMPLETES 
<£•2.7-4  2 

S&dTlcAflON 

_ CD_!£!2 _ 

PAN  AG. 

6. 2. 3.1 

|.-airr  no. 

TESTED  ST  ';  : 

■Ojsl 

r 

TEMP  A.M. 

fLLZL  s?X 

REQUIREMENT : 


PROCEDURE: 


l 


Prepare  a  20m  length  of  optical  cable  for  each 
test  sample  using  appropriate  preparation 
techniques . 

The  baseline  measurements  were  performed  as 
follows:  The  uncut  cable  and  reference  fibers 
were  installed  on  the  transmitter  for  a  series 
of  optical  power  measurements  to  establish  the 
initial  power  ratio  for  each  fiber  in  the  cable 
to  the  reference  fiber.  These  values  fora  the 
basis  for  all  subsequent  insertion  loss  readings » 
After  the  characterization  was  completed,  the 
cable  was  cut  and  a  mating  pair  of  connectors 
were  installed  rejoining  the  original  fibers. 

A  new  set  of  optical  power  ratios  were  taken  to 
deteraine  the  coupling  loss  for  each  fiber.  The 
insertion  loss  was  the  difference  between  the 
current  power  ratio  for  a  given  fiber  and  the 
power  ratio  obtained  during  the  characterization 
phase. 

Loss  (db)  ■  Current  power  ratio  (db)  - 
Initial  power  ratio  (db) 


TEST  EQUIPMENT:  COMPUTCR  85 

DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPI2S 

TEST  SAMPLES: 


SOURCE  3QXS 
DETECTOR  BOXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No  ■2Sl. 
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TEST 


TEST 


HUGHES  CONNECTING 


MATING  0 USABILITY 


EV1CES 

QATt  STAMTEO 

CD  1699 


/  PAMT  MO. 

TESTED  BT  r-7 

f 

423/ 

OATS  COMALETEC 

.  jfcdfrli l. 

*U»Ad. 

6.4 

TSMI»  *. 


REQUIREMENTS ; 


PROCEDURE: 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


TEST  RESULTS: 


Counterpart  connectors  will  be  capable  of  meeting 
the  requirements  of  succeeding  testa  after  10U0 
mating  and  unmating  cycles  without  additional 
lubrication  of  the  coupling  devices.  The  con¬ 
nector  mating  faces  may  be  cleaned  after  every 
50  cycles. 

The  receptacle  connector  was  mounted  to  a  simu¬ 
lated  panel  with  its  jam  nut.  The  optical 
transmitter  was  connected  to  a  dc  power  source.  , 
The  plug  connector  was  aligned  and  engaged  with 
the  receptacle,  being  rotated  until  the  connectorsi 
were  fully  engaged.  Then  the  coupling  ring  was 
rotated  in  the  opposite  direction  until  connectors 
were  fully  uncoupled.  The  two  connector  halves 
were  completely  separated.  This  process  was 
repeated  for  a  total  of  1,000  cycles.  No  lubri¬ 
cation  was  applied  during  this  testing. 


computor  as 

DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 

#  a 


SOURCE  BCKS 
DETECTOR  BCXS 
DURABILITY'  TEST  FIXTURE 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
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DATE  STAHTEO 
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OATE  COMPUTES 

J  J 


-5-J- 


PAMT  MO. 


TE3TE0  ST 


tTT 


TEMP  ft.M. 

bsav  .ssa. 


REQUIREMENTS : 


PROCEDURES : 


TEST  SAMPLES: 


When  tasted  per  the  specification  ail  test  *«»■“  , 
pies  shall  meet  the  requirements  or  the  applicafciaj 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements. 


*3 


TEST  RESULTS: 
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0*TE  STARTED 


CABLE  RETENTION 


■  6.9 

[tested  bti  -fir?  Itoo  5” 


REQUIREMENTS : 


PROCEDURE; 


The  plug  and  receptacle  samples  shall  withstand 
a  tensile  load  of  1780  N  (400  Lbs)  for  a  period 
of  60  seconds  without  physical  damage  and  shall 
be  capable  of  meeting  the  requirements  of  suc¬ 
ceeding  tests. 

With  the  receptacle  mounted  on  a  mounting  fixture 
with  its  jam  nut,  the  receptacle  was  installed 
in  the  upright  position.  Five  turns  min.  were 
wrapped  around  a  15.75  dia  mandrel,  with  no 
excess  slack  between  the  bacJc  side  of  the  con¬ 
nector  and  the  mandrel.  There  was  a  minimum  of 
IS 0mm  separation  between  the  rear  of  the  con¬ 
nector  and  the  first  turn  on  the  mandrel.  After 
which  the  plug  and  receptacle  were  mated,  the 
mounting  fixture  turned  130°  so  that  the  plug 
connector  could  be  tasted  in  the  same  manner. 
After  both  halves  of  the  connector  were  tasted, 
they  were  carefully  examined. 


TEST  EQUIPMENT; 


TEST  SAMPLES: 


COMPUTCR  as 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  8CKS 
DETECTOR  BCQCS 
INSTRON  TESTER 
CABLE  RETENTION- 
TEST  FIXTURE 


TEST  RESULTS: 
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INSERTION  LOSS 

OATE  STARTED 

7-J3-&Z L 

OATE  COMPLETE! 

7-2J-&2 

SPECEICATxiN 

CD  1699. _ 

PM  AG. 

fi.2.5 

AMT  NO. 

TESTED  8T  :  - 

'Si 

TEMP  R.H. 

REQUIREMENT :  The  Insertion  loss  of  a  mat  ad  pair  of  connec¬ 

tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.5  db. 


PROCEDURE:  The  optical  transmitter  was  connected  to  a  dc 

power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  tha  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  currant  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PUD  (db)  »  CPR  (db) 
_  COMPUTOR  85 

TEST  EQUIPMENT:  DATA  ACQUISITION  UNIT 

DIITAL  VOLTMETER 
POWER  SUPPLES 

TEST  SAMPLES: 


IPR  (db) 

SOURCE  BCKS 
DETECTOR  BCKS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No. 
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3 AS 5  LINE  INSERTION  LOSS 

AftHT  NO. 


pseaa. 

-5.2. 3.1 

TESTED  !':  -j 

TEM#  fft.H. 

<LL2jL  s??* 

REQUIREMENT :  Pr spare  a  20m  length  of  optical  cable  for  each 

test  sample  using  appropriate  preparation 
techniques . 

PROCEDURE:  The  baseline  measurements  were  performed  as 

follows:  The  uncut  cable  and  reference  fibers 
were  installed  on  the  transmitter  for  a  series 
of  optical  power  measurements  to  establish  the 
initial  power  ratio  for  each  fiber  in  the  cable 
to  the  reference  fiber.  These  values  form  the 
basis  for  all  subsequent  insertion  loss  readings * 
After  the  characterization  was  completed,  the 
cable  was  cut  and  a  mating  pair  of  connectors 
were  installed  rejoining  the  original  fibers. 

A  new  set  of  optical  power  ratios  were  taken  to 
determine  the  coupling  loss  for  each  fiber.  The 
insertion  loss  was  the  difference  between  the 
current  power  ratio  for  a  given  fiber  and  the 
power  ratio  obtained  during  the  characterization 


1 

phase. 

Loss  (db)  *  Current  power 

ratio  (db)  - 

Initial  power 

ratio  (db) 

TEST  EQUIPMENT: 

COMPUTOR  8S 

SOURCE  3GXS 

DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 

POWER  SUPPLY'S 

DETECTOR  BCKS 

TEST  SAMPLES: 

#3 

TEST  RESULTS: 

THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 

SEE  PAGE  No.  7A 
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INSERTION  LOSS 
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REQUIREMENT : 


PROCEDURE : 


Tha  insertion  loss  of  a  mated  pair  of  connec¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.5  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (epr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PSD  (db)  -  CPS  (db)  -  IPS  (db) 


(  TEST  EQUIPMENT 


TEST  SAMPLES: 


TEST  RESULTS 


COMPUTOR  as 
DATA  ACQUISITION  UNIT 
DUTAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  BQXS 
DETECTOR  BQXS 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No  •2l 
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MATING  DURABILITY 
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REQUIREMENTS : 


PROCEDURE: 


TEST  EQUIPMENT: 


Counterpart  connectors  will  be  capable  of  meeting 
the  requirements  of  succeeding  tests  after  1000 
mating  and  unmating  cycles  without  additional 
lubrication  of  the  coupling  devices.  The  con¬ 
nector  mating  faces  may  be  cleaned  after  every 
SO  cycles. 

The  receptacle  connector  was  mounted  to  a  simu¬ 
lated  panel  with  its  jam  nut.  The  optical 
transmitter  was  connected  to  a  dc  power  source. 

The  plug  connector  was  aligned  and  engaged  with 
i-h«  receptacle,  being  rotated  until  the  connectors 
were  fully  engaged.  Then  the  coupling  ring  was 
rotated  in  the  opposite  direction  until  connectors 
were  fully  uncoupled.  The  two  connector  halves 
were  completely  separated.  This  process  was 
repeated  for  a  total  of  1,000  cycles.  No  lubri¬ 
cation  was  applied  during  thin  tasting. 

COMPUTCR  35  SOURCE  BGXS 

DATA  ACQUISITION  UNIT  DETECTOR  BCXS 

DIGITAL  VOLTMETER  DURABILITY  TEST  FIXTURE 

POWER  SUPPLYS 


TEST  SAMPLES:  #3 

TEST  RESULTS:  THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
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HUGHES  CONNECTING  DEVICES 


VISUAL  EXAMINATION 


iMrwrn 


SEQUiaEMENTS : 

When  tasted  par  the  specification  all  test  sam¬ 
ples  shall  seat  the  requirements  of  the  applicahl 
documents. 

PROCEDURES: 

The  connectors  were  visually  inspected  to  meet 
the  requirements. 

TEST  SAMPLES: 

*3 

TEST  RESULTS: 
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DATE  STARTED 


INSERTION  LOSS 


REQUIREMENT : 


PROCEDURE: 


The  insertion  loss  of  a  mated  pair  of  connec¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.2  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  tha  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PRD  (db)  -  CPR  (db)  -  IPR  (db) 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


COMFUTCR  85 
DATA  ACQUISITION  UNIT 
DIITAL  VOLTMETER 
POWER  SUPPLYS 

#3 


SOURCE  BOXS 
DETECTOR  BCXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No.  Iq4 
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HUGHES  CONNECTING  DEVICES 


TEST 


INSERTION  LOSS 


TESTED  ST 


REQUIREMENT: 


PROCEDURE: 


The  insertion  lass  of  a  mated  pair  of  connec— 
tors  each  assembled  to  a  length  of  oafala  will 
b«  maasurad  on  an  individual  optical  channel 
basis,  Tha  objective  is  l.S  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  ware  taken.  Tha  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  tha  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  Thi»  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PRD  (db)  »  CPR  (db)  -  IPR  (db) 


TEST  EQUIPMENT: 


TEST  SAMPIES: 


TEST  RESULTS: 


COMPUTOR  8S 
DATA  ACQUISITION  UNIT 
DIITAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  BGXS 
DETECTOR  3CXS 
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mmmi 

REQUIREMENT:  With  the  test  connectors  setup  per  Fig.  1,  the 

connector  shall  be  cycled  per  Paragraph  6.10.3 
of  CD1699.  Monitoring  CPR  initially  and  period¬ 
ically  throughout  the  exposure.  These  measure¬ 
ments  shall  not  be  considered  a  formal  insertion 
loss  measurement,  they  should  be  for  verifying 
continuity  only.  A  visual  examination  shall  be 
performed  after  each  portion  of  the  flex  testing 
is  c ample ted,  paying  particular  attention  to  the 
cable  where  it  is  protected  by  the  connector 
strain  relief. 


PROCEDURE: 


TEST  EQUIPMENT: 
TEST  SAMPLES: 


With  the  test  connector  installed  into  a  test 
fixture  per  Fig.  1,  the  test  connector  was  then 
flexed  per  Pig.  2  for  1000  cycles.  At  the  com¬ 
pletion  of  1000  cycles  the  connector  was  rotated 
900  and  cycled  1000  times  in  this  axis,  after 
which  a  visual  examination  was  performed  for  evi¬ 
dence  of  deterioration.  The  test  connector  and 
test  fixture  were  installed  into  a  test  chamber 
at  70Oc  (±2°)  for  a  period  of  at  least  48  hours. 
The  chamber  was  then  programmed  to  -55°c  (±3°) 
for  a  period  of  48  hours.  At  the  conclusion  of 
the  48  hours  and  while  the  connector  was  still 
exposed  to  -55°c,  the  test  connector  was  subj acted 
to  500  cycles  of  flax,  at  the  completion  of  500 
cycles  the  test  connector  was  rotated  90°  and 
subjected  to  500  more  cycles.  CPR  was  monitored 
throughout  the  complete  flex  life  test. 


COMPUTCR  35 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPUTS 

*3 


SOURCE  BCXS 
DETECTOR  BCXS 
FLEX  TEST  FIXTURE 
TEMPERATURE  CHAMBER 
MICROPROCESSOR 


TEST  RESULTS: 
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REQUIREMENTS ; 


PROCEDURES : 


When  tasted  par  the  specification  all  test  sam¬ 
ples  shall  meet  the  requirements  of  the  applicable 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements. 


TEST  SAMPLES: 
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TEST  RESULTS: 
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HUGHES  CONNECTING  DEVICES 


QATE  STARTED 


INSERTION  LOSS 


REQUIREMENT: 


PROCEDURE: 


The  insertion  loss  of  a  mated  pair  of  connec¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.5  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taJcen.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 

PHD  (db)  »  CPR  (db)  -  XPR  (db) 


TEST  EQUIPMENT : 


TEST  SAMPLES: 


COMPUTCR  85 
DATA  ACQUISITION  UNIT 
DUCAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  BQXS 
DETECTOR  BQXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS . 
SEE  PAGE  No.  12&* 
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REQUIREMENTS : 


PROCEDURES : 


TEST  SAMPLES: 


TEST  RESULTS: 


8Y/  >7 TEMP 


Whan  tested  par  tha  specification  all  test  sam¬ 
ples  shall  meat  tha  requirements  af  tha  applicabl< 
documents . 

Tha  connectors  ware  visually  inspected  to  meet 
tha  requir aments. 
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HUGHES  CONNECTING 


TEST 


BASS  LINE  INSERTION  LOSS 


REQUIREMENT: 


PROCEDURE: 


Prepare  a  20m  length  of  optical  cable  for  each 
test  sample  using  appropriate  preparation 
techniques . 

The  baseline  measurements  were  performed  as 
follows:  The  uncut  cable  and  reference  fibers 
were  installed  on  the  transmitter  for  a  series 
of  optical  power  measurements  to  establish  the 
initial  power  ratio  for  each  fiber  in  the  cable 
to  the  reference  fiber.  These  values  form  the 
basis  for  all  subsequent  insertion  loss  readings. 
After  the  characterisation  was  completed,  the 
cable  was  cut  and  a  mating  pair  of  connectors 
ware  installed  rejoining  the  original  fibers. 

A  new  set  of  optical  power  ratios  were  taken  to 
determine  the  coupling  loss  for  each  fiber.  The 
insertion  loss  was  the  difference  between  the 
current  power  ratio  for  a  given  fiber  and  the 
power  ratio  obtained , during  the  characterization 
phase. 

Loss  (db)  »  Current  power  ratio  (db)  - 
Initial  power  ratio  (db) 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


coMPrrroR  as 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 

#4 


SOURCE  BCXS 
DETECTOR  BCXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No  •-2a. 
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MATING  DURABILITY 


REQUIREMENTS : 


PROCEDURE: 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


Counterpart  connectors  will  be  capable  of  meeting 
the  requirements  of  succeeding  tests  after  1000 
mating  and  i inmating  cycles  without  additional 
lubrication  of  the  coupling  devices.  The  con¬ 
nector  mating  faces  may  be  cleaned  after  every 
SO  cycles. 

The  receptacle  connector  was  mounted  to  a  simu¬ 
lated  panel  with  its  jam  nut.  The  optical 
transmitter  was  connected  to  a  dc  power  source. 

The  plug  connector  was  aligned  and  engaged  with 
the  receptacle,  being  rotated  until  the  connectors! 
were  fully  engaged.  Then  the  coupling  ring  was 
rotated  in  the  opposite  direction  until  connectorsi 
were  fully  uncoupled.  The  two  connector  halves 
were  completely  separated.  This  process  was 
repeated  for  a  total  of  1,000  cycles.  No  lubri¬ 
cation  was  applied  during  this  testing. 


COMPUTOR  85 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPLYS 
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SOURCE  BQXS 
DETECTOR  BGXS 
DURABILITY  TEST  FIXTURE 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS . 
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REQUIREMENTS : 


PROCEDURES : 


When  tasted  par  tha  specification  ail  test  sam¬ 
ples  shall  meat  the  requirements  of  the  applicable 
documents . 

Tha  connectors  were  visually  inspected  to  meet 
the  requirements. 


TEST  SAMPLES: 


TEST  RESULTS: 


Trf*  T*sr  $a*p*-e  Her  *80** 
STaTk^ 


TEST 


HUGHES  CONNECTING 


REQUIREMENT : 


PROCEDURE: 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


With  test  connector  set  up  per  Fig.  3  CPR 
measurements  3hall  he  taken  initially  and 
periodically  throughout  the  cycling,  with  these 
measurements  taken  only  to  verify  optical  con¬ 
tinuity.  At  the  conclusion  of  the  1000  twist 
cycles  the  cable  and  cable  retaining  feature 
shall  be  carefully  examined  for  any  damage  or 
deterioration. 

With  the  test  connector  setup  per  Fig.  3,  1000 
cycles  of  twist  cycling  was  completed.  The 
connector  and  fiber  cable  were  removed  from  the 
teat  fixture  and  carefully  examined  for  evidence 
of  damage  or  deterioration  of  the  cable  or  con¬ 
nector. 

COMPUTCR  33  SOURCE  BCXS 

DATA  ACQUISITION  UNIT  DETECTOR  BOXS 

DIGITAL  VOLTMETER  TWIST  TEST  FIXTURE 

POWER  SUPPLES 


TEST  RESULTS: 
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REQUIREMENTS ; 


PROCEDURES : 


TEST  SAMPLES: 


TEST  RESULTS: 


Whan  tested  per  tha  specification  all  test  sam¬ 
ples  shall  meat  tha  requirements  of  tha  applicable] 
documents . 

Tha  connectors  were  visually  inspected  to  amt 
tha  requirements . 
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TEMP  R.H. 
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When  tasted  par  the  specification  all  test  sam¬ 
ples  shall  meet  the  requirements  o£  the  applicable 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements. 
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REQUIREMENTS i 


PROCEDURES : 


TEST  SAMPLES: 


TEST  RESULTS: 
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REQUIREMENT : 


PROCEDURE: 


Prepare  a  20m  length  of  optical  cable  for  each 
teat  sample  using  appropriate  preparation 
tachaiquas . 

The  baseline  measurements  were  performed  as 
follows:  The  uncut  cable  and  reference  fibers 
were  installed  on  the  transmitter  for  a  series 
of  optical  power  measurements  to  establish  the 
initial  power  ratio  for  each  fiber  in  the  cable 
to  the  reference  fiber.  These  values  form  the 
oasis  for  all  subsequent  insertion  loss  readings 
After  the  characterization  was  completed,  the 
cable  was  cut  and  a  mating  pair  of  connectors 
were  installed  rejoining  the  original  fibers. 

A  new  set  of  optical  power  ratios  were  taken  to 
determine  the  coupling  loss  for  each  fiber.  The 
insertion  loss  was  the  difference  between  the 
current  power  ratio  for  a  given  fiber  and  the 
power  ratio  obtained  during  the  characterization 
phase. 

Loss  (dbj  *  Current  power  ratio  (db)  - 
Initial  power  ratio  (db) 


TEST  EQUIPMENT : 


TEST  SAMPLES: 


COMPUTOR  as 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
POWER  SUPPI2S 

+5 


SOURCE  BQXS 
DETECTOR  BOXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No  ■JZ£L 
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HUGHES  CONNECTING  DEVICES 


OATE  STARTED 


INSERTION  LOSS 


TESTED 


REQUIREMENT: 


PROCEDURE: 


The  i.n<rtlon  loss  o£  a  mated  pair  of  connec¬ 
tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.5  db. 

The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
POJTt  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 

PSD  (db)  -  CPR  (db)  -  IPR  (db) 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


COMPUTOR  85 
DATA  ACQUISITION  UNIT 
DOTAL  VOLTMETER 
POWER  SUPPLYS 


SOURCE  BCKS 
DETECTOR  3CXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No 
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REQUIREMENT : 


PROCEDURE: 


TEST  EQUIPMENT : 


TEST  SAMPLES: 


TEST  RESULTS: 


With  the  tast  connectors  setup  per  Fig.  1,  the 
connector  shall  be  cycled  per  Paragraph  6.10.3 
of  CD1699.  Monitoring  CPR  initially  and  period¬ 
ically  throughout  the  exposure.  These  measure- 
seats  shall  not  be  considered  a  formal  insertion 
loss  measurement,  they  should  be  for  verifying 
continuity  only.  A  visual  examination  shall  be 
performed  after  each  portion  of  the  flex  testing 
is  completed,  paying  particular  attention  to  the 
cable  where  it  is  protected  by  the  connector 
strain  relief. 

with  the  tast  connector  installed  into  a  test 
fixture  par  Fig.  1,  the  tast  connector  was  than 
flexed  per  Fig.  2  for  1000  cycles.  At  the  com¬ 
pletion  of  1000  cycles  the  connector  was  rotated 
90°  and  cycled  1000  times  in  this  axis,  after 
which  a  visual  examination  was  performed  for  evi¬ 
dence  of  deterioration.  The  test  connector  and 
test  fixture  were  installed  into  a  test  chamber 
at  70<3c  (±2°)  for  a  period  of  at  least  48  hours. 
The  chamber  was  then  programmed  to  -55°c  (±3°) 
for  a  period  of  48  hours.  At  the  conclusion  of 
the  48  hours  and  while  the  connector  was  still 
exposed  to  -SSOc,  the  test  connector  was  subjected 
to  500  cycles  of  flex,  at  the  completion  of  500 
cycles  the  tast  connector  was  rotated  90°  and 
subjected  to  500  more  cycles.  CPR  was  monitored 
throughout  the  complete  flex  life  tast. 


COMPUTOR  85 
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SOURCE  BCKS 
DETECTOR  BCKS 
FLEX  TEST  FIXTURE 
TEMPERATURE  CHAMBER 
MICROPROCESSOR 
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REQUIREMENTS i 


PROCEDURES : 


When  tested  per  the  specification  all  test  sam¬ 
ples  shall  meat  the  requirements  of  the  applicable 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements . 


TEST  SAMPLES: 


TEST  RESULTS: 
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TEMP 
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REQUIREMENT :  The  insertion  loss  o£  a  mat  ad  pair  of  connac— 

tors  aach  assembled  to  a  length  of  cabla  will 
ba  measured  ori  an  individual  optical  channel 
basis.  The  objective  is  l.S  db. 

PROCEDURE:  The  optical  transmitter  was  connected  to  a  dc 

power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  were  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cabla. 


PHD  (db)  «  CPR  (db)  -  IPR  (db) 


TEST  EQUIPMENT: 

TEST  SAMPLES: 


COMPUTOR  as 
DATA  ACQUISITION  UNIT 
DOTAL  VOLTMETER 
POWER  SUPPLES 


#3 


SOURCE  BCKS 
DETECTOR  BQXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
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REQUIREMENTS : 


PROCEDURES: 


Whan  tasted  par  tha  specification  all  test  sam¬ 
ples  shall  neat  tha  requirements  of  tha  applicable 
documents . 

The  connectors  were  visually  inspected  to  neat 
the  requirements . 
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REQUIREMENT :  Prapara  a  20m  1  eng  til  of  optical  cable  for  each 

test  sample  using  appropriate  preparation 
techniques • 


PROCEDURE:  The  baseline  measurements  were  performed  as 

follows:  The  uncut  cable  and  reference  fibers 
were  installed  on  the  transmitter  for  a  series 
of  optical  power  measurements  to  establish  the 
initial  power  ratio  for  each  fiber  in  the  cable 
to  the  reference  fiber.  These  values  form  the 
basis  for  all  subsequent  insertion  loss  readings. 
After  the  characterization  was  completed,  the 
cable  was  cut  and  a  mating  pair  of  connectors 
were  installed  rejoining  the  original  fibers. 

A  new  set  of  optical  power  ratios  were  taken  to 
determine  the  coupling  loss  for  each  fiber.  The 
insertion  loss  was  the  difference  between  the 
current  power  ratio  for  a  given  fiber  and  the 
power  ratio  obtained  during  the  characterization 
phase. 

Dess  (db)  *  Current  power  ratio  (db)  - 
Initial  power  ratio  (db) 


TEST  EQUIPMENT: 


TEST  SAMPLES : 


COMPUTCR  85 
DATA  ACQUISITION  UNIT 
DIGITAL  VOLTMETER 
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SOURCE  BCXS 
DETECTOR  BQXS 


TEST  RESULTS: 


THE  TEST  SAMPLE  MET  THE  ABOVE  STATED  REQUIREMENTS. 
SEE  PAGE  No  •_za 


i 


"""Connecting  Devices 

B-79 


CD-1732 

tiuseecw 


rev.  [pace 


.  HUGHES  CONNECTING  C 

€VICES 

TEST 

INSERTION  LOSS 

DATE  STARTED 

DATE  COMPLETES 

SPECI  El  CAT  (ON 

CD  1699— 

PA«A« 

6.2.5 

.PART  NO. 

TESTED  BY!  I'*  j 

[C£y 5/ 

TEMP  R.H. 

iAJL-SZfo 

REQUIREMENT :  The  insertion  loss  of  a  mated  pair  of  connec¬ 

tors  each  assembled  to  a  length  of  cable  will 
be  measured  on  an  individual  optical  channel 
basis.  The  objective  is  1.5  db. 


PROCEDURE : 


TEST  EQUIPMENT: 

TEST  SAMPLES: 


The  optical  transmitter  was  connected  to  a  dc 
power  source.  The  transmitter  was  allowed  suf¬ 
ficient  time  to  warm  up  to  operating  temperature 
before  any  measurements  w era  taken.  The  ref¬ 
erence  fiber  was  connected  to  the  reference 
port  of  the  optical  multimeter.  The  test  fiber 
was  connected  to  the  signal  port  of  the  multi¬ 
meter.  The  current  power  ratio  (cpr)  indicated 
by  the  multimeter  was  recorded.  This  process 
was  repeated  for  each  of  the  test  fibers  in  each 
cable. 


PHD  (db)  -  CPR  (db)  -  IPR  (db) 
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REQUIREMENT : 


PROCEDURE: 


TEST  EQUIPMENT: 


TEST  SAMPLES: 


With  test  connector  set  up  per  Fig.  3  CP R 
measurements  shall  be  taken  initially  and 
periodically  throughout  the  cycling,  with  these 
measurements  taken  only  to  verify  optical  con¬ 
tinuity.  At  the  conclusion  of  the  1000  twist 
cycles  the  cable  and  cable  retaining  feature 
shall  be  carefully  examined  for  any  damage  or 
deterioration. 

With  the  test  connector  setup  per  Fig.  3,  1000 
cycles  of  twist  cycling  was  completed.  The 
connector  and  fiber  cable  were  removed  from  the 
test  fixture  and  carefully  examined  for  evidence 
of  damage  or  deterioration  of  the  cable  or  con¬ 
nector  . 
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When  tested  per  the  specification  all  test  sam¬ 
ples  shall  meet  the  requirements  of  the  applicable 
documents . 

The  connectors  were  visually  inspected  to  meet 
the  requirements . 
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sample  no  ; 

TEST  TIME  88  :  2? • 88 ! 4* . 33 

CURRENT  RECORD*  8 

"ION  IT  OR  VOLTAGE  *1 . i 12E-082 

POWER  rACT0R»?8  033E-882 

CHAn.  ;_INK  RISE?  COr 

NO  '.  ‘23  /  \  aE 


-i  i  r 

-i  is 
.  it 
- .  PS 
-  a  .  88 
-i  .  38 


-  .  4± 

-  .  88 
-.31 


-1 . 28 
-l  1? 

-i .  ii 

»  ••• 

i,  .Of 

-1 . 3-4 


POST  300  CYCLES 


SAMPLE  NC  1 

TEST  TIME  88 : 25  •' 0?  :  80  •' 15 

CURRENT  RECORD*  -: 

MONITOR  VOLTAGE  *  1  .  1 1 1  S-*082 
POWER  “ACTOR*:?-  3P2E-882 


POST  850  CYCLES 


- 1  15 


-1 . 34 

.  si 

*  1  .  •  *i? 


B_  HuoHeConnecting  Devices  fLj2€Si7iJ? 


:  r*0  .  1 

i  z  7  r  I  Mfi  0 :  25  :  03  'A  *  •  -5  •* 


•  IS-??  2? 

*s T  kSCO^D* 

mini” 

iS  voltage 

-i .  :o?s- 

002 

■  Gi«ES 

FACTOR*?? 

?2?E-O02 

Z  *IHN  . 

cl  NK 

fiber 

CONN  . 

nC . 

•:  ojB  ■ 

•■.  *B  > 

’  rJB 

> 

-  i  .  ;  5 

- .  02 

- 1 

1 3 

2 

“  i  i  1 

-*  02 

0? 

w 

-i  .  1? 

♦  07 

""  » 

T-2 

4. 

-1 . 27 

♦  0 

- * 

7  • 

ar 

-i  5? 

-  01 

-1  . 

56 

€ 

-1  33 

**  .  01 

■^1 

j  c* 

jAMPlE  n0  : 
~E57  TIME  OB : 23 • 

i  o  ■■» :  o? 

CURRENT  RECORD* 

$ 

MONITOR  vOl?AuE 

■*■1  .  1SOE-0O2 

r'OWER  FACTOR*??  . 

£755-002 

CHAN.  cIN«: 

RISER  COnn 

'•0  .  «S  > 

<  as  ;•  <  aS  •> 

< 

^  i 

»  02 

«_  • 

•  3 

2 

-1 

-z-ii 

-  32 

•  ? : 

if 

■“  1 

20 

▼ .  02 

—  1 

A 

- 

•  J  ” " 

-  .  33 

-l 

.o“ 

5 

-A 

*  1 

—  .  30 

-  1 

*1 

9 

-1 

•4 

-  02 

-  1 

?  'T* 

;AMP'_5  NO 

* 

“1ST  TIME 

03 ; 23 : 

10 : 33 • 37 

i '  J  R  R  E  N  T  R. 

ECORO* 

MONITOR 

OlTSGE 

♦1.1 OTS-002 

SOwSS  FAC 

TOR*?? 

t 1 0E-002 

I  NK 

RISER  CONN. 

NO  ' 

■25  ': 

•  £©  •  gfi  ■> 

«  *  * 

■  r 

- . 02  . 2f 

“  • 

wk! 

-  02  -I . 37 

-  02  “1  2A 

•fc  —  1 

■7o 

•  .j"  -  ’  03 

*  _  1 

30 

—  y  »7i  -•  i  ~  0 

9  "I 

4>j 

-  32  -1  -i-i 

SB  H«®«€onnecting  Devices 


POST  900  CYCLES 


POST  950  CYCLES 


POST  1000  CYCLES 


C.b  17_Ji . 

.  8SL 

I NUMBER 

REV. 

PAGE 

jHMr'i 

■c  • - 


,  -  N  i  J  2 

~ I mE  85  -  24  -  ;  -3  33  S3 
RECORD* 


•:-0s  I  ~ 

OR  '-'OLTRiIE 

-1  3T4£ 

-002 

ROWES 

-8CT0R*!?  1 

.  2P8S-88 

- 

O'WrtN 

_iWK 

2  T  S£S 

CONS  . 

SO. 

i.  aB  > 

lair 

■sS 

; 

-1  45 

—  0  • 

*  4  *i  “ 

3 

20 

* .  -3  i 

«  t  ?  « 

T 

**  •  .  •£«? 

-  o: 

«, 4  T  c 

• 

*  • 

—  or 

—  t  27 

* 

- 1  *  ? 

4  .  *  « 

- .  0? 

-l  .12 

z 

-  i  ?3 

•*•.01 

.  a<t 

POST  300  CYCLES 


SAMPLE  SO .  2 

TEST  TIME  85  :  24  •  18  :  55  :  81 

CURRENT  RECORD*  4 


SON  IT 

OR  OOLTRGE  *l.3r5E- 

■882 

ROwER 

!  PfiCTOR**! .343E-882 

CHPiN 

LINK  RISER 

CONn  . 

NO. 

<  dB  >  <  ciB ) 

i.  .-B  ) 

1 

-i  •  -.0: 

-1 . 5T 

2 

-.=  ;c  *.3i 

- 1 .35 

it 

*1.32  - . 3: 

—  •  32 

*1.23  -  or 

-  ;  2 1 

r; 

-1.33  -.35 

-i  25 

9  _ 

-1  22  * . 8 l 

•1 

.5ftn*u 

s  NO.  2 

rE3T 

TINE  93*24= 12=34:33 

CJRRE 

NT  RECORD*  4 

SON  IT 

OR  OQLTftGE  *i.8”5E- 

*02 

POWER. 

PRCT0R*2l  353E-882 

CmPin  . 

LINK  RISER 

CONN  . 

NO 

>.dB>  <aB;' 

•  26  .■ 

l 

-1  58  -.80 

- 1  f  C* 

-i  32  *  3: 

.- 1 . 3-i 

T 

-1  '.••!  - 

•  •  *•  c 

a 

-  i  .  T*3  -  of 

•  i  •  • 

s. 

-1  2?  -.85 

-1  26 

-1.55  -  3 1 

POST  350  CYCLES 


POST  400  CYCLES 


<3ig  -'•"‘Connecting  Devices  ££€rm 


81 


|R€V. 


PftGE 


B-93 


i 


1 


t 


TEST  TIME  06  ■  2  4  :  li  -  26  58 


CJr».£N~  RE COPS'* 

» 

“"In i”'jS  •■•'0L"AGE 

—  l 

0  7 

96—002 

P0*ER  sACr0R*?l 

le?E- 

032 

’  •Ink 

"  *  5 

Hr' 

•I  C-hn 

no  ■ aS> 

•.ae 

•:  .26  • 

-  _ 

00 

- 1 

2  - 1  36 

•  , 

02 

“  1  <5  £ 

2  -i  33 

- 

01 

•  -•  ^  1 

• 

07 

-  ?  •  j. 

;  -i .  le 

-  . 

04 

“1  •i'  *i 

6  -1.51 

31 

.  •  x  T 

i AMPLE  nG  2 

"E37  TIME  06  ;  24 

1 T  '• 

35 

■  *r 

CURRENT  RECORD* 

r 

w 

MONITOR  UOL TAGS 

•  1_ 

3 , iE— 002 

POWER  FACTOR*?! 

- 

•  ■  > 

s- 

032 

CHAN.  LINK 

f  I3E? 

CONN  . 

nG .  ■ oB > 

cjB 

■;  28  .-• 

i  -:.4T 

•  _ 

33 

-1  *? 

2  -I.** 

+  . 

32 

-1 . 38 

2  -1.43 

•  . 

01 

-1 . 42 

A  -1.25 

•  . 

07 

-1  .  1 3 

5  -10? 

—  . 

04 

-1 . 35 

•i  -l  •  *5 

4* 

0: 

—  1  . 

bAMRLE 

NO  2 

TEST  7 

InE  30.24. 

;  i  r  £3 ;  5T* 

CURREN 

T  RECORD* 

« 

""ON  I  TO 

P  './OUTAGE 

•  1  >5  T 

002 

POWER 

PACT  OR*?  1 

.  22TE-032 

_INK 

riser 

CONN  . 

NO  . 

'•.  3S> 

<38  > 

<  38  > 

•  «  .  *  ? 

•  01 

•  •  »  * 

4 

-1.10 

-  01 

-1.11 

4 

“  •  ••  •* 

-1  .  23 

-  .  33 

•  •  T 

•  ' 

-  35 

—  *  0»*. 

4 

-1  47 

-  .  33 

-1.47 

POST  600  CYCLES 


POST  650  CYCLES 


POST  700  CYCLES 


OSD  "“^Connecting  Devices 


Z3A-- 


Ifftv 


B-95 


|irn5 

_£  NO  .  2 

•c  c  7 

Tins  00  =  24.  :3  =  30 

I  • 

CO  ft* 

EN"  RECORD*  5 

non  r 

“OR  VOLTAGE  -I  .07 

"£-002 

?•:«£ 

R  "ACTOR*?:  ;4«e- 

002 

1  •■••nr* 

LlNr.  SISEP 

C  0  N  r* 

NO 

v  aB  ,•  v  aS  ;• 

•  aB  ■ 

x 

-1.54  -0: 

— f  *!*? 

-i.is  0: 

•1  .  1  r 

■Z 

-i  40  -  01 

—  i 

4 

-1.27  -  0? 

«  i  $ 

-1.1"  -  00 

-1.07 

o 

-1.43  - . 01 

-1 . 4  t 

SAMPLE  NO  2 

TaST 

Tins  06  25=07=42 

24 

CURRENT  RECORD*  o 

MONITOR  VOLTAGE  *1.863E-002 
POWER  PACT  OR*?0  875E-002 

CHAn 

LINK  FIBER 

CONN  . 

NO  . 

'■.  dB  >  <  aB  > 

•  as  ;■ 

1 

-161  - . 00 

-1*.  61 

•J 

-1  23  +.02 

-1 . 30 

■Z/ 

-1.32  -.01 

-1.30 

4 

-1.21  -.07 

-1.14 

5 

-1.1"  - . 05 

-1  .0? 

*s 

-1.40  *.01 

-1 .41 

SfiflPL 

£  NO  2 

test 

TINE  06=25=08=00= 

43 

CURRE 

NT  RECORD*  6 

NONIT 

OR  VOLTAGE  *1 . 068E-002 

POWER 

FACTOR*?0 . 3635-002 

CHAN 

LINK  RI3ER 

CONN 

NO 

c  as  >  'idB;1 

<  aB  :> 

-1.67  -.00 

-  X  .  57 

—  1 . 26  — . 82 

-1.28 

*' 

-1.2?  -  01 

*  •,  •?»  ‘i 

•A 

-1.1=3  -.07 

.  1  *  • 

W 

-1  14  -.04 

-1  10 

-1.2?  *02 

-1.41 

POST  750  CYCLES 


POST  800  CYCLES 


POST  850  CYCLES 


"“Connecting  Devices 

B-96 


RfV  Pft£E 


3ftnf-E  nC  1 

~Zi~  ■  : "l£  .j<9  =  53  93  :  31 


SCOPE-* 

5 

GL7nGE 

-l  0£2£ 

-995 

"0R*29 

554£-«i3 

- 

.INK 

Rise? 

CONN 

23  j 

'  28  -• 

23  > 

7*0 

•¥  1 30 

7? 

37 

-  95 

*  4  .  W  O 

2*- 

-9: 

•  *  -T”5 

.  “a 

-  ,  97 

.  1 

-  94 

—  1  •  if 

43 

*91 

4ij 

POST  900  CYCLES 


5  liH?  _£  NO  £ 

TEST  TIKE  53  =  92 ‘ 90 : 2T 


CURRENT 

RECORO* 

£ 

monitor 

'VOLTRGE 

*1  0<S*2E- 

092 

ROWER  rSCTOR*20 

S33E-903 

Uhi^iN  . 

LINK 

RISER 

CONN 

NO 

28  > 

'  25.' 

.  28 

X 

-1  32 

*  09 

__  « 

*  4  . 

32 

5 

-l  37 

*  02 

•  1 

*  • 

3? 

w 

-1  31 

-  0: 

-1  . 

T  i 
■*  m 

4 

-1 .  1 7 

-  07 

*  4  . 

10 

3 

-i  i2 

-  04 

-i  . 

13 

-i  li 

-  99 

*  *  • 

24 

snMRLs 

NO  5 

”E3T  TI 

ME  0«  23 

02  *1  17 

CURRENT 

RECORD* 

© 

MONITOR 

VOLTPGS 

*1 . 002E- 

992 

PONES  = 

SCTOR-29 

.  301E-095 

CHRiN  . 

-INK 

R I  SEP 

CONN  . 

NO  . 

28  > 

20  > 

■-  28  ' 

1 

“ .  i.1 

-  00 

•  • 

€? 

5 

•  *  •  ’? 

•  -W  te 

*01 

3** 

3 

39 

-.01 

-1 

tc 

a 

-i  13 

-  97 

—  i 

*7 

r 

*  i  4  W 

-  94 

-  4 

i38 

O 

•  1  *3 

*  91 

- : 

POST  950  CYCI£S 


POST  1000  CYCLES 


****€onnecting  Devices 


CD  ±73* 

NUMBER 


93 

(REV. 

PAGE 

c 


\ 


”55*  Tii'iE  06  2*  •  ’•*-  :  ’--  ■4- 


ivPRENT  RECORD* 

4 

1 1-. V  r n R  0 L  Tr G E 

-00  J 

s>V«.ER  —  I  TOR*?* 

*3$£-** 

- 

■;-4n  wInk 

?:ss? 

r  o  n 

*  HO  .  •- r 

<  .«•  S  i 

.  ss  • 

•  'i 

-n  0 ; 

-1 .30 

i  -is? 

5  -1  32 

♦  02 
♦ .  % : 

-1  4Q 

-1  .  53 

-  o : 

-1  42 

«  *1 

3  -1  57 

- .  £6 

*  i  •  nJ  * 

•£  - 1  4r 

* .  02 

-1  .  40 

SSmFlE  mCi  " 

TEST  TIME  06:2*:  I0:3i  24 

r!i»P£NT  RECORD*  A 
MONITOR  V0UT3CE  ”2 . 747S-003 
POWER  FmCTOR*S<S. 722E-002 


C'HRn  . 
NO 


4 

9 

6 


LINK 

v  dS  :> 

-I  .  *3 

-1.32 
-l  23 
”1.45 

-1  3-1 

-1.45 


RISER 
d8  > 

”.30 
”31 
”01 
”  .  00 
—  fi? 

”.00 


CONN 

•;  «se  > 

-1 .43 
-1.33 

-1.24 

-1.43 
-1.34 
-1  43 


SAMPLE  nu.  3  . 

TEST  TIME  06  =  24*11  =  !•#  44 


ROWER 

FACTOR*?? 

.  004E-002 

CHAN  . 

LINK 

RISER 

CONN  . 

NO  . 

'.  -5 ) 

,uP  ) 

■  -aS  '.= 

-1  4? 

•  ;«  ■“ 

-l  .47 

? 

«  1  ”  w. 

*  0  I 

.  <  «- 

7 

”1  2*9 

—  00 

*P 

» 

-1  -  43 
-1  33 

-  *0 

-1.^5 

9 

-1  4» 

-  5o 

-I  .  ** 

POST  300  CYCLES 


POST  350  CYCLES 


POST  400  CYCLES 


-u«*€onnecting  Devices 

B-98 


NUM0CR 


I  REV 


i 


-t-nr-z  nc 
-set  TINE 

: £4 : 

CURRENT  r. 
••’On  I  TOR 

EC0RD=* 

cltsge 

-I  -4-£- 

333 

*Qw£R  rR»C 

TO**^ 

5T3E-332 

C'NRN  4 

Ink 

-  t  SEP 

CONN 

v.|  n  t_ 

eS  1 

■,ssT‘ 

•■'.  aB  ■■ 

1  -1 

30 

5? 

— 

- .  3  2 

-1.30 
-1  32 

V  *  i 

*  —  i 

32 
t  a 

-.31 

-31 

*•  i 

•  i .  * : 

m  1 

'W  * 

6  •* 

fa 

44 

- .  36 
-  32 

-  i  . 

*•  1 . 4«a 

inr.r-s  NO  i 

test  rine  3* -24=  12-  33  04 


CURRENT  RECORD* 
"TON  I  TOR  WOLTAGE 
POWER  rftCT0R*96 

CHAN.  LINK 

NO  .  v  «S8  ) 

1  -1.32 

2  -  i .  *’? 

■2  *  4.  ■  oC 

4.  -1.40 

3  -1.5® 

6  -1+3 


4 


-2. T42E 

-303 

7462-3© 

- 

FIBER 

CONN  . 

<  SB  > 

•  .^S  > 

4.3© 

-i  .32 

4*  10  ,£ 

-1 . 53 

♦  .  08 

-1 .36 

* .  #1 

-1.41 

-  .  8*? 

-1.63 

*  .  32 

-1 . 43 

SfinPLE  no.  2 

TEST  TIDE  36 <2+ =22= 36 = 1? 


CURRENT  RECORD*  3 
MONITOR  UOLTPOE  *2  ~4 iS-333 
POWER  FftCT0R*?6 . 323S-332 


CHfiN . 

LINK 

FIBER 

CONN  . 

NO. 

<  dB  > 

<  as  > 

■1  ciB  > 

* 

_  •  r  - 

•  .  V  * 

-.3: 

-1.30 

-1.53 

*31 

-1  3  r 

\ 

-1  33 

-.01 

-1  .  3S 

4 

-1  41 

. 

-1.41 

r 

-1  T3 

-  33 

-1.63 

5 

-1  *T 

- .  33 

-1  47 

POST  450  CYCLES 


POST  500  CYCLES 


POST  550  CYCLES 


H«®*€cnnecting  Devices 


vHftN  . 

link 

FI3EP 

CONr* 

1 

nO  . 

>■  i^S  •' 

t ,38 

'■  '-= 

1 

■j 

-:  5S 
-1.40 

-.00 

4.01 

-1  5? 
-i  42 

4.00 

—  1  4 , 

1 

4 

-1.4? 

4.01 

-1  50 

i  1 

■ 

6 

-1  si 

-1  43 

-  .  0® 

-  01 

—  i .  £2 
-1 .40 

-***?•£  nC  -a  .  . . 
rgsr  TIME  0®  2500: 

CURRENT  RECORD^  *  **- 
mnnI'OR  VOlTAus  *i . , oAE— swo 
*6 wER  ?RCT0R*?®.254E-0Wi 


SAmRvE  NO .  3 

TEST  TIME  0®;2S 

CURRENT  RECORD*  5 
dCMITOR  VOLTAGE  *2 . ?"0E-d93 
POWER  FACTOR*?<5  .  I34E-002 


CHAN 

LINK 

FIBER 

CONN 

NO  . 

<c!B> 

<d8> 

's<iB 

1 

-1  53 

-.00 

-1 . 

55 

-1.47 
-1 . 40 

4  02 

-.01 

-1 

50 

*•  i 

4 

-1.54 

4.01 

-i  . 

■54 

5 

-  05 

—  1  . 

o 

-i .  4® 

4.01 

«  1 

47 

sRMP 

_E  NO  3 

TEST 

TIME  0® 

25 : 01 : 43 

05 

CURRENT  RECORD*  5 
MONITOR  VOLTAGE  -2.735E-003 
POWER  FACTOR*?®  2?®E-002 

CHAN.  LINK  FISER  CONN. 
NO.  's  ctS  >  dB  > 


—  4 

36 

-  .  01 

_  •  *r 

.!• 

*  1 

a  4 

4  02 

-1  4; 

T 

-i 

36 

-  A0 

-1.36 

4 

-i 

»» 

•w  w 

-.01 

-i  56 

■j 

-1 

6? 

-  0® 

—  l  .  63 

6 

•1 

■w  •« 

-  .  00 

— T  ** 

POST  600  CYCLES 


POST  650  CYCLES 


POST  700  CYCLES 


IRNPlE  NO  3 

“5 T  TIME  0e  25^2  S?  2? 

;.U?RSNT  RECORD*  5 
•*OH  I  TOR  ■•••OL"AGe  +2  • 


?c*es 

•i  Kfis . 

FACTOR-* <5  .  273E-002 

_INK  Pi  BE? 

CONN 

nC  . 

■  28  > 

•:  23  > 

«  8 

z 

-;  .  *3  -.01 

-i  s:  -  os 

-1.52 
-1 . 70 

T 

r  -.00 

■"  1  -  W  •' 

4 

-i  •  53 

*  00 

-i  5? 

or 

—  I  77  -  0's 

—  i  .  7 1 

5 

-1.33 

+  .01 

-1.55 

POST  750  CYCLES 


SRMP'-E 

NO  3 

05 : 35 : 55 

TEST  TI 

ME  ais  =  25' 

CURRENT 

RECORD- 

5 

MONITOR 

VOLTAGE 

+2. 71SE-003 

POWER  r 

ACTOR-25 

.  5l6ft-002 

CHAN  . 

LINK 

FIBER 

CONN 

NO  . 

<  36  > 

O.B  > 

28  / 

, 

-l  52 

- .  00 

-1.52 

• 

Cf 

-1  35 
-1  32 

+  03 
+ .  01 

-1 .33 

-1  40 

4 

-1  34 

*  02 

-1.5-8 

-J  .  26 

-.05 

-1 . 21 

5 

-;  35 

+  02 

-1  5T 

POST  800  CYCLES 


SPnPLs  r*Q  1 

TEST  TIME  3*  =  25  -06  =  14-25 

CURRENT  RECORD-  ® 

••’On  I  TOR  UOCTRGE  +2.712E-003 

POWER  PACT0R-S5 . 732E-002  POST  850  CYCLES 

CHAN.  -INK  piper  conn 

NO  v  '28  >  •  '38  >  <  38  ' 


•  l 

54 

*.00 

-1 .5  + 

7 

-  i 

5  i 

+  .03 

—  1  .  8  4 

4 

-  ; 

4 : 

-  .  00 

-1.43 

4 

-  ; 

m  — 

*  02 

-1 . 3? 

K 

- 1 

_  .  08 

-1  .  -55 

5 

-1 

*  « 

«/  i 

-  0  1 

_  i  B'Z 

a  .  W  «_ 

"«^€onnectinqDevices  f^73a  -  L  I 

B-101 


17 

RftCE 


”£ar  TilE  3s  ■  £5  :  3©  ;  32  '  21 


C  ' J  R  •  £ 

NT  PEC OPE* 

£ 

w  C  N  I  7 

OR  VOLTAGE 

Ti  TE¬ 

yy.; 

-'Owe  r 

-AC” 0P*P5 

E-302 

LINK 

FI3 

SR 

COHN 

"nO  . 

v.2B;- 

•  dS 

> 

•;  .23 

. 

-2  .  36 

. 

31 

•  ^ 

5* 

5 

-1 .59 

33 

-l . 

£  • 

7 

-; .  4- 

^  . 

33 

-i . 

■*  t 

-1  33 

"»  . 

32 

-i 

53 

c 

V 

-1  .33 

-  . 

36 

“  1  . 

«t7 

£ 

-1 . 43 

7  . 

32 

» 1 

•i? 

afittsLE  NO.  3 

TEST  Ting  «g»25>0g--4?*2g 


CURRENT  RECORD*  6 
nCNITOR  VOLTAGE  -2  713S-333 
»OwER  FACTOR-33 . 732E-382 


CHAN 

LINK 

FIBER 

CONN . 

HO  . 

■>  dB  > 

<dS> 

<  dB  > 

, 

-1.37 

-.31 

—  1 . 37 

•J 

-l  .61 

*  32 

-1 . 63 

7 

-1  47 

+  .31 

-1  47 

£ 

-1 . 33 

* .  32 

-l  .  63 

■w 

-1  33 

-  .  36 

-1.40 

7 

-1 . 47 

+  .32 

-1 . 4? 

iAnRLE  HO 

rE'5T  TINE 

36 :  23 

^7: 

13  34 

CURREnT  r 

ECGRO- 

'  6 

."’On  I  TOR  VOLTAGE 

.*2 . 

7 1 6E— 303 

®0NER  FACTOR-?* 

644E-332 

w*rN  L 

INK 

ffI3EP 

COHN 

NC  . 

*5.> 

'23 

23  > 

•  -  2 

44 

• 

3 1 

•  2 

*7 

1  - 1 

•  w  •• 

7  . 

32 

-1 

53 

I  *  1 

43 

*  . 

31 

«.  1 

AA 

•  —I 

36 

4> 

32 

•  l 

5:3 

5  -i 

7  7 

-  , 

33 

—  4 

*f  -  i 

-  . 

32 

“  4  . 

POST  300  CYCLES 


POST  950  CYCLES 


POST  1000  CYCLES 


**»«€onnecting  Devices 


-C Vi73* 

NUMBER 


fS- 

PACE 


B-102 


Inev. 


;-4MrLs  sc  - 
753?  "in£  0©-2*;0 7 

CURRENT  RECORD*  * 

**NTTQR  uOL'ACE  -5  .  i-3c— *5®I 
-OUE?:  FACTOR*??  .  8?2E-002 


CONN . 
■  -3  > 


©AMPLE  NO  4 

TEST  TIME  *<S  =  24 ;  00  ••  23  =  £3 

•CURRENT  RECORD*  A 
MONITOR  VOLTAGE  *?  1-OE-00E 
ROWER  FACTOR*??  .  P22S-002 


1HAN 

SO  . 


LINK 

FI3ER 

CONn 

<  a  B  .> 

<  «s  .> 

<  csB  > 

-1  31 

♦  .0? 

—  1  - 

-1  03 

*  .  01 

-1.10 

-  38 

-.02 

-.50 

-I  i 4 

-  01 

-1.14 

-1 . 7$ 

-  .  0* 

—  *  ©0 

-I  73 

-  .  00 

?3 

SAMPLE  NO.  4 

TEST  TIME  0©  =  24  r  99  ■■'ii  3? 
CURRENT  RECORD’ 


MOnIT 

OR  voltage 

*5. 1336 

-003 

ROUE? 

FACTOR*?? 

.  77 1 2-00 

*  ’ 

CHAN . 

LINK 

FI  BE? 

CONN  . 

SO 

<ct  3> 

■:  aB  "> 

<•2  8 

» 

, 

r  «  ••  ij 

-  04 

• 

"7  w 

~ 

-1.01 

-  31 

■5 : 

T 

-i  03 

-  02 

. 

S* 

A 

-1  33 

-  30 

a  i 

33 

s 

- .  33 

—  .  0* 

* 

z 

- 1  ~~ 

-  3 1 

•  1 

•  T 

POST  300  CYCLES 


POST  350  CYCLES 


POST  400  CYCLES 


Hu«»*€onnecting  Devices 


as  i  732 

InumCCR 


ircv 


a-103 


_ r :  -  :•  '  •. 4  12  55 

2.-k,;-’rp  '-.iCL ~5  i  i-JE-yy” 
-  *  ^  ?  s  s  a  £  4  q  s  »  — *  —  7  ?  E  —  *£* 02 

;l^n  21 ’Jl  “Its?  30* 

>..*  <,eB,-  ilB.'-  -• 


-12?  -.«* 

-i  ®2  -.01 

-i  0"  -  01 

- 1  03  ■*•  .  00 

-■  -  04 

-I  74  -  01 


POST  4S0  CYCLES 


TEST  TIME  0<:2*=22>3«>32 

CURRENT  RECORD*  7 
MONl~OR  '..'OUT.flGa  *5.l22£-002 
POWER  "RCTGP*73 .  543£-0i02 

CKAN.  l.INK  rI3£R  20i 

NO  v a 8  >  <4B>  -  a£ 


l 

-l  15 

4.05 

-1 

20 

Z' 

-  30 

4.01 

-  . 

31 

■if 

-1  .  io 

-.01 

- : 

<  m 

4 

-1.2* 

-.01 

-  f 

23 

3 

-2  33 

-  04 

-2 

3* 

—  1  —  i 

-.00 

.  *3 

:!lr 

_£  no  * 

TIME  0*5  1  2*  • 

23  :  32  •• 

i " 

lURSSHT  RECORD*  3 
rnNl'QR  VOLTnOc  -3  i24.E-*0-i 
POWER  -t=iCT0P*75  5S3E-002 


-  1  i5 

-1.4? 

_ .  ■;« 


RISER 

■«S> 

4.  0? 
-  01 
-  .  02 
4  01 

-  04 

-  01 


•  *  $ 
-  32 

-‘  40 

- 1  32 

-1  4“ 


POST  500  CYCLES 


POST  550  CYCLES 


•^Connecting  Devices 


J 


4  n  » •„  E  "i  v  — 

*r:r  TIME  05  =  25 1 0® ' 16 ' 4 

■.  u  R  p.  E  N  7  RECORD*  9 
i^OmITOR  ‘•••0L.7RGE  *5.  121c 
S'OwER  snC70R*75 .  327E-00 

CHrtr*  LINK  SI3ER 

NO  \  2  s  >  ■  ’  -3  S  . 


CONN 

'  <2B  > 


SSmElS  *C 
TEST  TIME 


55 • 29 : 0® : *0!S® 


CURRENT  RECORD* 
MONITOR  vCLTRGE 
ROUER  rrfCT<jR*73 

5 

4-5. 12SS 
’384S-00 

-003 

C'NftN.  LINK 

FIBER 

CONN . 

NO  .  '■■  <sB  > 

<dB> 

<  dB  > 

l  -  -7 

♦  05 

*  .  0 1 

-i  .  2‘r 
-  '00 

“  - 1 . 65 

4  -1.22 

- .  02 
-01 

-1  '.55 

«i  it 

5  -1  57 

5  -1  72 

-  .  04 
- .  00 

—  1.53 

i  P.rlrL 

c 

nC  .  - 

7E3 ' 

t: 

fit  05 : 25 : 

01 ■ 43 : 13 

CURSE 

NT 

RECORO- 

5 

"ONI" 

Oft 

‘..'OUTRCc 

*5  1 32E-O0' 

roner 

r 

flC“0ft*75 

.  5B5E-002 

CMRn 

LINK 

RIBER  C 

NO 

v  dB  > 

<  dS  >  < 

■*»  £4 

-  51 
•  0  £ 
♦ '  3£ 

-  $4 


*c 

•w  - 

-2*5 


<sS  «*«€onriectingJ?evices 


POST  600  CYCLES 


POST  650  CYCLES 


POST  700  CYCLES 


73  *  iol 

REV  °&GE 


_E  NO 

~ll~ 

“ :  ns  0©  13  ••  02  Or  =  42 

Z  P. 

E'-i"  RECORD*  * 

: 

“OR  VOLTAGE  -7  137E- 

*jy  3 

RONE 

R  FACTOR*?* . 757S-002 

i_:nk-  riser 

C0n'< 

N  *1 

•'•aS  •  ■  cjB  • 

■  aB 

- .  04 

•  *. 

?7 

2 

—  01  — 

- 

•  ■? 

« 

-  i  TO  -.02 

- 1 

■57 

- 

- 1  .  IS  -.52 

- 1 

.  4  T 

32  - . 04 

-  • 

«i  • 

*5 

-l  72  -.01 

^  » 

■  7- 

SANPlE  riO  4 

TEST 

Tint  06=25=05=37= 0* 

CURRENT  RECORD*  * 

MtjN‘7 

OR  'VOLTAGE  *3.  USE-003 

FACTOR*?*  ,  433£-,502 

LINK  FI3£!S 

CONn 

NO  . 

v  dS  >  .26 ) 

,26 

j 

1 

-1  27  -.04 

_  •, 

•■%  c 

• 

“  --  4.01 

”  L  . 

00 

3 

-11©  -.02 

» 

-1.10  -  00 

i  0 

s; 

-1  03  -.04 

—  1 

*  . 

*31 

€ 

-1.73  - . 0: 

—  £ 

POST  750  CYCLES 


POST  800  CYCLES 


SANPLE  nO  4 

”53“  Tln£  06  =  23  =  0$  =  1 4  ••  37 

CURRENT  RECORD*  6 
nONITOR  VOLTAGE  -3.124E-003 
ROwER  FAC70R*73 . 3S3E-0O2 

link  fiber  cot 

l'-' ■  <  .ag  >  <o*b>  -« 


*  1  J 


-  .  02 

-  g  ; 

—  . 

-  yy 


—  I  3= » 

—  1  * 


POST  850  CYCLES 


reconnecting  Devices  [£££ 72 

B-106 


J.01 

REV  PAGE 


mC  - 

“  =  JT  Tins  ins  ■  23  ;  OS  7 2  :-4 

'. UREENT  RECORD*  i 

‘•’’OH I  TOR  vOLTBGE  *3  120E-003 

POWER  FRC~QR*73  .  3 1 0E-002 


'Inr-tr*  . 

FI PER  COHN 

SO  . 

2  9  -■ 

v  25  '  25  ' 

■“1  *'  4 

* . 0*  — 1  £j 

-  1  .  00 

-  0 1  - 1 .01 

? 

—  «  -^>  •• 

-02  -i  20 

—  1  CTi«i 

-  00  -i  09 

33 

-.04  -I  7 I 

>5 

- 1  T I 

-  oo  -i  n 

S  fi  il  P  — 

£  nO  4 

TEST 

TIME  OS  25 

•  07 :  1 3  •'  l ' 

C’JR  RE 

NT  RECORD* 

S 

MON  IT 

OP  '••uLTBGE 

*5 . 1 19S-003 

FONER 

FRlCT0R*73 

500E-002 

C  wflH  . 

LINK 

FIBER  CONN. 

nO  . 

<  *6 

•■:  .36  .>  <  «S  ) 

1  . 

—  -  .  2  ■> 

-.03  -1  2J 

-i  00 

_  i 

-  0:  -1  0: 

- . 02  -1.2s 

4 

- 1 .'  :2 

- . 0:  : 

sr 

w 

*  i  -  ss 

-  0*  -1 . S2 

S 

-  i  7S 

-00  -1 . 7S 

iSHpL 

•  NO  4 

;  07 : 42 : 00 

"EST 

TIME  0S:  23 

CURRENT  RECORD*  S 
MONITOR  VOLTftGE  +5  .  23E-003 
POWER  F*CT0R*73 . 332E-002 


CHRN 

SO  . 


LINK 
■  ciS  > 

:IU 

iS 


FI3ER 

«9  ;• 

*  Of 

*  .  0 1 
-  02 

-  o: 

-  o- 

•  0 : 


CONN 

,-.c ', 


-i  0: 


POST  900  CYCLES 


POST  950  CYCLES 


POST  1000  CYCLES 


***«Connecting  Devices 

B-107 


rc!>  i7J^ 

I  NUMBER 


IRCV. 


RftGE. 


i 


SfiHP'.S  *v  •.  i-.  li 

TEST  TIME  0e : -* '  •*  *  4 


CURRENT  SECOSD;  r  _  --  ^3 
'  nQNlTO-R  •VOL-nUc 
POWER  FRCTOR***  »*'***"“ 


CH*N 

NO 


LINK' 

KiB> 

-•  Si 


so 

*  (* 

■5 


!  *  A  •  >K 
*§>" 

—  £0 
-  J:  2 
—  0  • 

-  0  V 

-  -3  $ 


CONN  . 

sB> 


•1  1* 


PRE  IMMERSION 


ae  "u®«Connecting  Devices 


Cb  ±752. 

NUMftER 

REV. 

■£©4 

PftQc 


08 


8ftMeL2  nO  3 

”23?  *:.n£  0* •  33  35 »  33  •  35 

CURE2N”  R i  1' i j r. D *  10 
riOis  I  TOP  -VOLTAGE  *■! 

POWER  .-ACTOR*?”  ■  30<sE-002 


CWftf* 
NO  . 


Lif-iK 

•  aS) 

-2  83 


RISER 
<  38  > 

*  00 

*  03 

*  0” 

-  03 

—  ft  2, 

•  h'l 


POST  IMMERSION 


CONN 

•.  nS  :> 

-2  33 

2-5 


-  .  .  -5  »■ 

-  •  XT 


_J^©__MU?!e€onnecting  Devices 

ZTSSTJJ- 

NUMacft 

ggpi 

1 

B-109 


■j-T  TIME  07  If  li  77  0? 

CURRENT  RECORD*  17 
MONITOR  VOLTAGE  *2 . 35l£-‘ 003 
POWER  “ACTOR*-?.?  Si7£-i302 

CHAn  .  J.INK  "I3ER  CONN. 

NO  soB.1  •:  SB  >  •  .sS) 


-  .  00  -1.44 

* . 05  -1 . 1 T 

▼07  -1.4i 

-  07  -i . 73 

-.00  -1  lr 

▼ . 04  -1 , *3 


•  .  VO 


i AMPLE  mu .  3 

TEST  TiriE  07  :  15=  10  =  75  73 

CURRENT  RECORD*  17 
MONITOR  VOLTAGE  *7 . 4S5E-00' 


ROWER 

FACTOR* 10  21SE-00 1 

CHAN  . 

LINN  FIBER 

CONN  . 

NO 

<  <36  ?  <  'SB  ) 

<SB> 

. 

-1.60  -  00 

-1.66 

o> 

- 1  17  -.15 

-  ?7 

■? 

-i  .  70  — .  05 

-1.24 

-1  77  -.07 

-1  .  70 

» 

-1.22  - . 63 

-1  14 

*5 

-1.12  -  07 

-1  05 

POST  FLEX 


^•Connecting  Devices  SILL73  2 


i mm 


3-112 


■j*Hr!»S  nO  - 

"THE  87  20:18  2-  II 

I'jSAEN”  RECORD—  l ; 


MON  IT 

OR  VOLTAGE 

*•*  •?;  £ 

-003 

ROwER 

“ACTOR-71 

.  017S-00 

- 

cHAN  . 

LINK 

r;scK 

CONN 

NO 

<26  y 

•-.  cte  ■ 

'  20  > 

; 

-1  zz 

•*  0  1 

- 1  34 

.5 

-  S3 

*  02 

v  'i  i 

■T 

-I  1* 

-  82 

\l 

a 

■“lli 

*  82 

-1  20 

5 

-  9$ 

-  82 

-  37 

£ 

-1  S3 

-  8’. 

-1  S2 

SAMPlE  nO  S 

TEST  TIME  07  •  20  :  ’. 3  :  2*  -57 

CURRENT  RECORD-  15 
MONITOR  VOLTAGE  +2  “38E— 083 
POWER  FACTOR-SI . 825E-082 


CHAN.  LINK 
NO  .  *B  > 


.  CONN 
'.  cS  ■' 


POST  rwis: 


"-■-Connecting  Devices 


B-113 


FftGE 


Sft^PLE  nu  ; 

TEST  ”  t M E  3T  2l  ••  15  •  as  ;  2‘r 

CL‘*REN~  RSC03C*  :5 
rtCNITOP  VOLTfttjg  .  ’  2 1  £ — <i  a  3 
POWER  rPC'OR-S* . 4S2E-**2 


*5 


—  !,  Uf 

-  35 
-:  3e 
-1  .  34 

-:  5" 
-1 . 33 


Sfc !a^ESB° 


NTICN  @  400  Lb. 


B  "*»*€onnecting  Devices  I5^73j2 


u*® 


l»«V 


S-114 


SAMPLE  HO  i 

TEST  TIME  19 ’39 


CURRENT  RECORD*  16 
MONITOR  VOLTAGE  *7 323E-033 
POWER  rrlC70P*6S  -  336E-332 


HAN  . 

LINK 

RISER 

CONN  . 

NO  . 

v  US ) 

<  UB> 

US  > 

-1  .  SO 

-  14 

-1  34 

? 

-  74 

-.10 

-  33 

? 

-  73 

—  33 

-  36 

4 

-1 . 73 

—  .13 

-1.3-3 

«; 

-1  75 

-  .  17 

-1  32 

9 

-1 . 56 

- .  16 

_  t  ^  ♦ 

-  i  • 

CABLE  RETENTION  <§  400  Lb. 
No .  ±  REC  ■ 


@D  "“•‘•Connecting  Devices 

B-il6 


O  irTJ-a  - 

--  -  - 

NUMBER 

REV. 

Xi-at 

PACE 


SfiMrLs  NG  - 

rssr  Tins  37-  22--3Q  -  Z5  £$ 


WOHIT 

?Gi*£F. 

09.  UOLTAOE  +7  333E- 
FACTOR*^  •  0£4£-G0£ 

■3>33 

CHAN  . 

L I  Nfc 

fiber 

CONN 

MG. 

v  dB  > 

<  d8  > 

id  8:' 

1 

-i  r? 

«  i  <t 

-l  .33 

■J 

-  72  *  Or 

-31 

• 

—  77  ^ . 0S 

—  a« 

X 

- l  57  *.18 

-1  36 

5 

-1  72  -  .  15 

-1  3? 

S 

-1  5* 

+  .  15 

-1 .53 

POST  CABLE  RETENTION 
No.  ±  REC. 


H«®«Connecting  Devices 


am;M 

BH 

112 

PftCE 

B-117 


CPflrLE  NO  i 

T'£3T  TIME  *?■■  22  =  03  =  37  33 


CURRENT 

RECORD* 

i  7 

NON  I  TOP. 

UOLTflGE 

*3. 733c- 

033 

POWER  r 

flCTGR*32 

S73E-002 

CHfiN  . 

Li  ni< 

FZ3ER 

CONN . 

NO  . 

•:  =28 

=23  > 

c  as 

> 

• 

*.35 

52 

•5 

-  73 

* .  32 

-  . 

7? 

w 

•■1.23 

- .  33 

-1  _ 

7  5 

a 

—  <  *— 

-.11 

-1  • 

28 

* 

-i .  sir 

- .  32 

•  ■ 

01 

6 

-i . 

•  1 

*  ■ 

83 

q^gLE  RE^^nON  @  400  Lb. 


"■"•Connecting  Devices 


a-113 


SRMPlE  Nu  2 

TEST  7 I ME  3 7  22  OS ■ 32 • 2i 

CURRENT  RECORD3 

MONITOR  UOLTRGS  “?  7a?£-333 

POWER  RPCT0r.»SI .  S44E-(J02 


CHAN  . 

S.2 

RISER 

CONN . 

NO  . 

■.  aB  > 

<  dS  > 

•  oS  > 

i 

-1  35 

»  .  05 

-1.5? 

•5 

-  7* 

•+  *2 

-  7M 

.  2x 

-.04 

is 

4 

■”1  V  1 

~.i2 

-1 . 25 

tr 

-1.02 

- 

-1  -  00 

6 

-  i  'il 

-  02 

-1  -JE 

POST  CABLE  RETENTION 
No.  A  PLUG 


D__H^aMC€onnecting  Devices 


’Cfc  - 

■  -  ■■ 

NUMBER 

PCV. 

II S 

PACE 


fm  m  Z  £  ri  0  • 

SST  TIMS  *7 • 22 : 99 ■ ?■ 


CURRENT  RECORD*  18 
MONITOR  JOurftCS  T24E-0O" 
ROWER  “fiCT0R*:32 . 623E-0y- 


CHNN  . 

LINK' 

rlBzP. 

SO 

•-  *3 

«sS ) 

-i  .  33 

n 

-  *i 

*  01 

3 

-1 . 24 

-  A4 

4 

-1 . 47 

-.12 

T 

*2 

-  04 

£ 

- 1  ~3 

-  00 

CONN . 


CABLE  RETENTION  @  400  li. 
No.  J2l_  S2C. 


Hu««Connecting  Devices 


CD  i7J2  ■ 

NUMBER 


REV. 


3-120 


I 


SAMPLE  NO  2 

"E3T  TIME  07 ■ 22 :  10 ■ 0 1  f~ 

CURRENT  RECORD*  15 
MONITOR  VOLTAGE  *9.7 25E-003 
POWER  RnC70R*82  .  533E-002 


CHAN  . 

LINK 

RISER 

CONN. 

NO  . 

■,  a  6  > 

<<»e> 

-  dS  > 

* 

-1  “3 

*  05 

-1.40 

+  -3: 

-  74 

i 

5 

€ 

-1.44 
-1  00 
-1  15 

—  &«i 

-.83 
♦  02 

-1  .  IS 

-1 . 31 
"* 

-1  33 

POST  CABLE  RETENTION 
No.  a  REC. 


OSD  "«®*€onnecting  Devices 

Cb  ±731 

MUM8CT 

m 

m. 

PAGE 

a^2_2i  _ _  _ * 

CABLE  RETENTION 


SAMPLE  No.  2  RECEPITCAL 
CROSS11EAD  SPEED  1.0  I. P 
CHART  SPEED  SPEED  1.0  I. 
500  Lb.  FULLSCALE 

CABI£  RETENTION 


corps 

S-  RECORD*  20 

*.  m-  H. 

Nr  RECORD* 

29 

"Or*  *  T 

OR  VOLTAGE  *7 . 77? 

E-093 

«0nI7 

OR  VOL“AGE 

-4 . 335E-003 

ROWER 

rAC70R*53 . 559£— 902 

ROWER 

FAC7QR*72 

135S-002 
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APPENDIX  C 
TECHNICAL  GUIDELINES 
FOR  ULTRA  LOW  LOSS 
OPTICAL  FIBER  CABLE  ASSEMBLIES 


2  4  6  13 


C-l 


ATTACHMENT  3 


I  •clinical  Guideline* 

/ 

'  *71  era  law  lass  Optical  "liar  Cabla  Assemblies" 


1.  SC3P3: 

1.1  These  guidelines  cover  development  of  ultra  lev-loss  opeical 
fiber  cable  assemblies  and  bulkhead  receptacles  for  use  in  tactical  Tine 
Division  Multiples  (T3K)  cossusicaclan  systems  for  distances  ranging  from 
one  to  elghc  kilcaectra  without  repeacars.  Qperaelon  will  be  as  selected 
wavelengths  froa  6000  to  10600  Angstroms  for  bosh  analog  and  daca  crana- 

■alaaian  •■rich  daca  rasas  so  20  megabits  per  second  per  kilometsr.  each  cable 
assembly  will  consist  of  a  cna-kilomeear  length  of  cable, terminated  as  each 
end  wish  a  hermaphroditic  connector  (identical  connectors  race  wish  each 
ocher) .  The  sating  faces  of  the  connectors  sues  be  optical  wish  ainiaal 
coupling  loss  and  crosstalk  to  provide  efficient  connection  of  up  to  eight 
■  assemblies  in  tandem.  The  cable  assemblies  suss  be  rugged  to  withstand  a 
wide  range  of  environmental  and  mechanical  exposures  typical  of  tactical 
field  applications. 

2.  A??t.:CA3L2  TOOhSTTS: 

2.1  The  following  documents  of  she  Issue  in  effect  on  date  of  invita¬ 
tion  far  bid  fora  a  part  of  this  specification: 

Specifications : 

Military; 

MH-C-L3777  Cable,  Special,  Purpose,  electrical:  General 

Specification  For 

MH.-I-3930  Insulating  and  Jacketing  Compounds  electrical 

(Tor  Cabla,  Cords,  and  Vires) 

MH-C-33333  Cable  Assembly,  Special  Purpose,  electrical 

<3-11230 (  )/G  and  Cable  Assembly  Adapter 
'  '  3-10734  (  )/« 

MXL-M-2&041  Molding  and  Petting  Ccapouad,  Chemically  Cured, 

Polycrechane  (Polyethar-caaed) 

M3-O-10CO  Drawings,  engineering1  and  .Associated  lists 

leal*,  Cable  (Isals  3R-5(  ),  3R-7(  ),  3R-3<  ), 
2C-433C  )/C,  SL-LJ9<  ) /V 


M3.-R-3241 


Fade ral : 


It 


L-F-390 


L-F-389 


•  l-F-403 

L-F-394 


Standards; 


Military; 

MIL-ST3-2C2 


MXL-STD-446 


iffL-S-3-461 


Plastic,  Molding  Material,  Polyethylene,  low 
and  Medina  Density 

Fluorines ad  Sidy lent  Propylene,  Fluorocarbon, 
Molding  and  Intrusion  Maceriala 

Polytacrafluoroechylana  and  Fluorocarbon 
Flaseic,  Molding,  and  intrusion  Maceriala 

Plastic  Molding  Material  (Propylene,  Plastics , 
Injectica  and  Intrusion) 


Test  Methods  for  ilectronic  and  Ilectrinal 
Component  Farts 

environments  lor  Ilectronic  Farts,  Tubes,  and 
Solid  State  Devices 

Hectromagnecic  Interference  Characteristics 
Slaquir  aments  for  Iquipmanc 


MH-STD-810 
Technical  Objectives; 


Invirottaancai  Test  Methods 


§  3.1  Background ; 


An  optical  fiber  eoteeunicstions  cable  has  been  developed  under 

I  Ion tract  DAA307-73-C-0343  with  Corning  Class  Works.  The  cable,  which  is 
tarreocly  being  marketed  by  Corning  under  the  trade  aase,  Cor guide,  has  at¬ 
tenuation  under  20  d3/ka  at  discrete  wavelengths  in  the  region  of  6,300  to 

(10,600  Angstroms •  It  represents  a  significant  first  step  in  the  development 
it  fiber  optic  cab les  vhieh  have  been  optimised  for  tactical  field  applica¬ 
tions.  However,  the  cable  is  not  satisfactory  for  data  transmission  at 

(20  Mb/sec  over  3— idioms car  TDM  links  without  repeaters.  The  cable  incorpor¬ 
ates  fibers  with  a  seep  index  profile  which  causes  unacceptable  pulse 
broadening  at  the  prescribed  date  rates  and  transmission  distance.  Further- 
sore,  the  attenuation  is  coo  high  eo  permit  acceptable  transmission  over 
I  the  3— kilometer  link.  It  is  an  objective  of  this  procurement  to  develop  an 
' -optical  fiber  cable  with  graded  index  profile  fibers  and  attenuation  low 
enough  to  satisfy  cue  intended  system's  requirements.  Since,  this  program 

I  will  culminate  in  the  delivery  of  cable  assemblies,  connectors  will  be  re¬ 
quired  for  e ermine cion  of  the  cable  at  both  ends.  Consequently,  another 


I 


I 

I 


3-2 
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« 


n  M.'  this  procurement  La  c a  develop  a  ruggsdir  4 ,  enviraem ent  ra- 
;  hermaphroditic.  cnnecssr  to  b«  used  for  thi a  purpose.  The  final 
i*  I:  this  procurement  is  to  develop  a  bulkhead  receptacle  for  use 
,-aaa  equipment  and  shelters. 


Lictiyes: 


The  objectives  will  be  directed  coward  achieving  the  optima  cable 
*  orifiguracion  consistent  with  the  program  objectives.  The  cable 
'  ’^11  be  cooprised  of  a  sin  element  fiber  optic  cable  terminated 
.table  suit icon tact  connectors.  The  program  will  oe  conducted  in 
ie%  name1./,  a  Cable  Phase  and  a  Connector/Cable  Assembly  Phase. 


ie^  aai 

.  1  *  CabJ 
iclude, 

.lft  Is 


.1* Cable  Phase:  The  approach  for  achieving  the  optimum  cable  design 
tclude,  but  act  necessarily  be  Limited  to  the  following : 


.1ft  Investigation  of  core  and  dopant  materials,  processes,  and 
ass  for  fabricating  multimode,  graded-index  fibers  wish  optical  and 
1  J -oparties  consistent  vith  the  program  objectives. 

>1.2  Investigation  of  aatarials,  processes.  and  techniques  for 
jvg  coating  and  grouping  of  fibers.  The  grouping  shall  contain  six 
fliers  resulting  from  ths  investigation  of  3. 2. 1.1.  Othsr  aon- 
*1  essence  nay  be  incorporated  in  the  grouping-  for  filling  or  form 
s  .<■  Consideration  shall  be  given  to  the  fact  ehat  individual  fibers 
:  a|:assible  at  each  end  of  ehe  cable  for  termination  into  connectors 
.cacad  in  3.2. 


I. Ill  Investigation  of  materials .  processes ,  and  techniques  for 
;  o!  fiber  grouping  resulting  from  chs  investigation  of  3 .2. 1.2.  The 
{,  consisting  of  protective  interlayers  over  the  fiber  grouping  if 
irjj  tensile  strain  relief,  and  jacketing  shall  be  of  minimum  sice 
IgA  consistent  vith  providing  the  necessary  physical  and  environmental 
rion.  Consideration  must  be  given  to  the  fact  that  individual  optical 
sal  have  to  be  accessible  at  each  end  of  the  cable  for  termination 
onzlctors  as  indicated  in  3.2.  Consequently  all  cabling  elements 
stive  layers,  jacketing  etc.)  must  be  removable  without  adverse  efface 
apical  and  mechanical  properties  of  the  fibers. 

2.1.1  Investigation  of  materials,  processes,  and  design  details  to 
replication  of  the  inherent  level  a  nuclear  and  electromagnetic  _  __ 
iffl  hardness  of  which  tactical  communications  systems  are -capable 
.211.2.7) .  .  -- 


2.1  Cable  Seslan  3b4ectives:  The  details  of  the  construction  of 
aplatad  optical  fiber  cemmnnicacisn  cable  are  undetermined  at  this 
Sire,  weighs,  materials,  and  design  will  be  opeimiced  wish  respect 
i  tlabnlcal  evaluation  criteria  delineated  in  Section  3.2.2  of  these 
leal  Cuidelines.  3ovever,  for  the  purpose  of  providing  guidelines, 

I  thovs  chs  tentative  design  ana  performance  objectives  for  ths  cable. 
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The  as*  of  metallic  :engch  members  ia  the  cable  c. ..struccian  is  undesirable. 
All  fiber  lengths  used  ia  the  cable  shall  have  been  proof-tested  co  a 
micimum  sessile  stresgsh  of  50, 000  psi. 

3.2.3  Cable  Evaluation:  The  fallowing  criteria  shall  be  used  as  a 
guide  for  evaluating  she  performance  and  establishing  the  optimum  character¬ 
istics  and  performance  requirements  of  the  optical  fiber  cable.  The  evalua¬ 
tion  need,  not  be  liaised  to  the  tests  specified  herein  unless  otherwise 
specified. 

3. 2. 3.1  Transmission : 

3. 2. 3. 1.1  Attenuation:  The  attenuation  per  kilometer  of  cable  shall 
be  as  indicated  ia  Table  1  when  measured  at  selected  wavelengths  in  the 
region  from  5,000  Aagscrsas  to  10,500  Angstroms.  A  n-jw! ana  of  three  end  e 
maximum  of  slot  points  shall  be  selected.  One  point  shall  be  3,200  Angstroms. 
The  remaining  points  shall  be  mutually  selected  by  the  contractor  and  the 


3. 2. 3. 1.2  Data  Transmission :  A  on*  (1)  kilometer  length  of  cable 
shall  be  capable  of  transmitting  a  pulse  having  the  characteristics  in¬ 
dicated  in  Table  1. 


3.2.3. 1.3  numerical  Aperture The  numerical  aperture  shall  be  as  in- 
|  dicated  ia  Table  1  when  measured  on  a  one  (1)  kilometer  length  of  cable. 

3. 2. 3. 2  Mechanical  and  environmental  Tests:  These  tests  are  to  be 

(conducted  after  the  Transmission  Tests  of  Par.  3. 2. 3.1,  herein.  After  each 
of  these  tests  (or  tsst  groups  acceptable  to  the  government) ,  the  cable  is 
to  be  Inspected  for  individual  fiber  breakage,  cabling  damage  under  5  x 

I  magnification,  and  attanuation  per  Par.  3. 2. 3. 1.1.  The  objective  is  no 
'  fiber  breakage  or  ocher  visible  degradation  of  the  cable.  Unless  otherwise 

shill  aoC  S.O  and  •nvifflin* 


5.0  d3/ta  after  mechanical  and  eavirou- 


aental  testing. 


3. 2. 3.2.1  Tensile  "Load:  The  cable  shall  be  subjected  to  the  static 
tensile  force  indicated  in  Table  I,  applied  axially,  for  a  period  of  one 
(1)  minute,  after  which  the  attenuation  shall  be  measured.  The  static 

load  shell  then  be  reapplied  and  the  optical  output  level  shall  be  monitorsd 
far  a  period  of  43  hours  co  dasarmlue  the  effects  of  continued  tensile 
loading.  ...... 

3. 2. 3. 2. 2  Mechanical  Tests:  Per  Par.  4.5. 4.1  of  Specification  MH-C-13777 

with  the  following  exceptions:  .  .  _ _ ; _ 

a.  A  means  shall  be  provided  for  monitoring  .of  optical  continuity  of 

the  fibers  whers  electrical  continuity  of  conductors  is  indicated  in.  the 
teat  procedure*.  . . . 

b.  All  mandrel  tests  are  to  be  conducted  with  a  5XCD  mandrel. 


I 

I 


4 


I  c.  Suitable  alternatives  to  che  case  equipment  nhova  la  Figures  3,  4, 

*  and  5  of  JJX1-C-U777  •  1  be  co.*aidar*d. 

I  '  d.  Ths  iMiii*  of  Baca  and  Twist  fYV1**  2  nnn  c ha  cable  la 

•  capable  of  withstanding  shall  be  dstarained. 


a.  Tha  aaa 


t-m)  a  e 


3a  cao la  is 


cagablaof  withstanding  shall  ba  dacarminad.  Tha  obie^'-v  la  ?Dfi.  Lanar-e 
ae  0.4L5  itz-m. 

3. 2.3. 2. 3  7  lira  den  par  .'lathed  314.2,  Procedure  Till  of  MI1-5TD-810. 

3. 2. 3. 2. 4  Temperature  Shock  par  Method  303.1,  Procedure  tl  of  MIL- SIX - 


--  3. 2. 3. 2. 3  Suaihisy  par  Method  307.1,  Procedure  IX  of  MH-STX-313. 

3. 2. 3. 2. 6  Fungus  par  Mashed  308  of  MXL-ST3-810.  Tha  cast  shall  sec  ba 

I  canal dared  valid  unless  the  controls  par  paragraphs  3.1.3  and  3.1.4  of 
Method  308  shew  sot  lass  dan  profuse  growth  over  302  of  the  ares  after  tha 
14ch  and  23eh  day  of  ease.  Inasmuch  as  this  Is  a  test  of  ths  aacariala  and 
'  fabrication  proesssas  and  certain  cleansing  agents  are  down  to  inhibit  tha 

(  growth  of  fungus,  the  cabla  specimen  shall  not  be  cleaned  prior  to  test. 
After  tsst,  therm  shall  be  no  visible  growth  of  fungus  on  any  surface  except 
sparse  and  euberal  development  of  ths  fungus  spare,  and  no  acre  than,  tvo  .un- 
J  ralacad  ninuca  colonies. 

3. 2.3. 2. 7  Nuclear  Survivabiiicv;  Teat  and/or  analysis  of  the  cable 

(design  shall  be  sada  to  decersine  tha  degree  of  hardness  of  che  cable  in 
tha  presence  of  suciaar  radiation.  Levels  in  che  range  of  10^  to  10J 
roentgen  (Cobalt  603  and  10^-2  «  1Q^4  nautrons/cm^  (1  MaV  equivalent)  are 

I  of  particular  interest  and  should  ba  Included  la  the  investigation,  "or 
testing  purposes,  these  doses  shall  ba  delivered  to  tha  cables  within  a 
'tins  interval  which  is  short  compared  to  tha  time  interval  (13  seconds) 
during  which  ths  cable  is  permitted  to  ba  inoperable  following  the  irradia- 
I  cion.  Actual  dose  levels  and  durations  of  application  shall  ba  determined 
■with  approval- of  the  government .  - - 

13.2.4  Connector /Cable  Assembly  Phase:  Tha  aajor  effort  in  this  phase 
will  be  directed  coward  tha  design,  fabrication,  and- evaluation  of  cable--- 
connectors  (plugs),  bulkhead  receptacles,  and  cabla  assemblies,  consisting 

I  of  tha  graded  index  cables  from  tha  cabla  phase  terminated  with  the  plugs 
developed  under  this  phase. 

_  3.2. 4.1  Plus  lesion  CV actives :  Ths  oajor  effort-will  be-  directed 

I  toward  achieving  a  connector  design  which  will  provide  a  rugged,  waterproof , 
environment -resistant  termination  for  optical  fiber  cable.  The- approach-  for 
achieving  the  optimum  cotmector  design  shall  include,  but  cot  be  United-  to, 
|  tha  following  considerations : 


3. 2. 4.1.1  Field  3.eoalr:  The  abjective  is  a  connector  design  which  is 
capable  af  assembly  a  the  cable  by  trained  techn.  .ans  in  a  depot  or  aobile 
repair  van.  The  design  shall  act  require  the  use  a:  molding  or  potting 
techniques  for  accomplishing  the  assenbly.  However-,  fat  ,eeeartjon  curnoeeer 
a— coenecrj;  eeeiga  TTT" lajlgwe)— whAah  duej  ere  julllug  or  jutting  ughalques 

-lUoald— he~tnv esaigeeed .  The  investigation  will  provide  Che  basis  for  a 
decision  as  to  which  design  will  be  selected  far  the  final  models.  Accord¬ 
ingly,  such  factors  as  cooperative  costs,  complexity,  reliability,  ease  of 
asseably,  and  performance  consistent  with  the  technical  evaluation  criteria 
of  paragraph  3.3  herein  oust  be  considered. 

3. 2. 4. 1.2  Cable  Preparation :  Methods  and  tachnisues  for  preparation 

of  the  cable  ends  for  proper  assembly  with  the  connector  shall  be  established. 
This  shall  include  details  as  to  cools,  processes,  solvents,  and  stripping 
dimensions  far  removal  of  jacketing,  encapsulancs ,  and  fiber  coatings. 
Preparation  of  optical  fiber  ends  to  provide  the  most  efficient  optical  sur¬ 
face  shall  also  be  addressed. 

3. 2. 4. 1.3  Cable  Strain  Relief:  The  eotmeetor  design  shall  include  a 
suitable  cable  strain  relief.  The  optical  fibers  which  are  contained  within 
the  confines  of  the  connector  housing  oust  be  isolated  from  direct  tensile 
end  bending  forces  which  are  applied  to  the  cable  extending  beyond  the  con- 

•  fines  of  the  connector.  Furthermore,  the  strain  relief  oust  also  provide 
resistance  to  cable  pullout  or  danags  when  subjected  to  the  cable  retention, 
flax-life,  and  twisting  tests  of  paragraphs  3. 2. 5. 2. 7,  3. 2. 3. 2. 3,  and 
3. 2. 5. 1.  9  herain. 

3. 2. 4. 1.4  Macing  Characteristics:  The  mating  faess  of  the  connector 
shall  be  optical  with  minimal  crosstalk  between  adjacent  optical  paths  and 
coupling  loss  between  connectors.  The  optical  sating  faces  must  be  suitably 
procectad  to  prevent  permanent  degradation  of  light  transfer  between  naclng 
connectors  as  a  result  of  repeated  matings  and  unaaciags,  and  exposure  to 
moisture,  water  immersion,  dirt,  dust,  sand,  salt  spray,  and  temperature 
extremes.  The  sating  surfaces  shall  be  easily  accessible  far  damning  with 
water,  dry  cloth,  or  small  brush.  The  connector  mating  face  and  positive 
locking-coup ling  device  shall  be  completely  hermaphroditic  to  permit  ter¬ 
mination  of  both  ends  of  the  cable  with  Identical  connectors.  The  coupling 
device  shall  be  free  turning  with  respect  to  the  connector  shell. 


3. 2. 4. 2  Bulkhead  Receptacle  Design  Objectives-:.  The  bulkhead  receptacle 
shall  include,  but  not  be  Halted  to,  the  following’ considerations: 

3. 2. 4. 2.1  Macias  Characteristics :  The  macing  characteristics- shall  be 
essentially  the  same  as  cited  for  the  plugs  in  paragraph  3. 2. 4. 1.4  herein. 
However,  the  device  for  coupling  to  plugs  shall  not  be  free  turning  with 
respect  to  the  connector  shell. 
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t  3. 2. 4.2. 2  Mount ir  •  The  receptacle  shall  hav«  bulkhead,  3-hoi*  type 
aouadag  wish  jaa-nuc  ./.reeds  and  oanei  s«al.  Provision  shall  be  sad*  for 
ijoaaaao da clog  panels  up  so  .3064  a* car  chick.- 

3.2.4?2T>-~3agovabla  Ooelcal  Fibers:  ^Thd^connacsor  3hail  concaia  pro- 

»ision  far  renoval  *"3— i-**qrtlau  oc^ladlvldual  buffered  opdcai  fibers  as 
a  rear  of  eh*  connector^ ?HjpHaadlvlduai  removable  fibers  shall  be  hald 
firaly  la  placs  af car  insertion  andcaoSftfce-af- being  released  for  removal 

fien  required,  this feature  la  required  so  provide  coupling  so  llghc 
rurces  and  decaccoTsi 


jureas  and  decac: 


^  3.2.5  Connector  evaluation:  Tha  foliowlag  criteria  shall  be  ua«d  as 
|  gold*  for  evaluaclag  eh*  perfornaac*  and  e*eabliahia&.  eh*  optimum  characear- 
-Jtics  and  performance  raqulremenes  of  eh-  connectors .. .  The  *valuacicn  seed 
aoc  b«  liaised  ea  ch*  eases  specified  herein,  doles*  ocher  specified,  .ch* 

Jtst  specimen  shall  consist  of  a  connector  aaeeabied  so  a  cable.  The  length 
:  cable  shall  be  ehe  ala ilmua  length  required  far  valid  neasurecene  of  she 
optical  properties  (paragraph  3. 2. 5.1]  and  :o  eaabla  analysis  of  She  effects 
|?  ehe  mechanical  and  environment  eases  (paragraph  3. 2. 5. 2)  on  ea*  opdcai 
Properties.  The  aetasuaelon  of  individual  fibers  of  ehe  cables  shall  be  no 
greater  chan  5  d3/Va.  Detailed  test  neehods  including  she  cable  lengths  and 

T ideal  ease  neasureaencs  shall  be  prodded  ea  eh*  CCS.  for  approval  prior 
>  ehe  start  of  ehe  technical  evaluation. 

|  3. 2.5.1  Ooelcal  Tests: 

3. 2. 5. 1.1  Coupling  Loss; 

|  3. 2. 5. 1.1.1  -Slugs :  The  coupling  loss  of  aaeed  pairs  of  plugs,  each 
weeahled  :o  a  length  of  cable,  shall  be  deearaised  on  an  individual  opdcai 
channel .  to  channel  basis.  The  objective  is  1.0  d3. 

^  3. 2. 5. 1.1. 2  3ulkh*ad  Seceoehdea^ — The'coupllsg  loss  of  a  aacad  pair 
of  connectors  cans Is dag  ofj^psu^'  assembled— ca__alengeh  of  cable  and  a 

Jlkhead  recaptaciajjjnh-'teaovabia  fibers  iaserta3^tai^djscrlbed  ia  3. 2. 4. 2. 3) 
all  be  d*earnis*2''cn  an  individual  optical  channel  to  channel  basis.  Tha 
objeedve  £51.5  d3. 

1  3. 2. 5. 1.2  Crosstalk:  Hear -end  and  far-end  crosstalk,  ia  adjacent  opei- 
cal  channel «  of  a  sacad  pair  of  connectors,  prepared  as- specified  ia  3. 2. 5. 1.1 
therein,  shall  be  decerolaed.  Tha  objeedve  is  100  d3  down  from  the  signal 
I  vel  inserted  ia  ch*  end  slag  channel.  _  .  _ 


3.2.5. 2  Mechanical  and  Tavironaancai  Tests:  These,  casts  are  eo  be  con¬ 
vinced  after  camp  la  ting  ehe  Opdcai  Tests  of  paragraph--  3-.  2. 5 .  L  specified  .. 

V  rain.  Tales*  otherwise  stated,  after  each  of  these  eases  (or  ease  groups 
acceptable  to  ehe  CCk) ,  the  eest  specimen  is  to  be  inspected  under  53  oagnl- 
V cation  for  physical  deterioration  as  iadlcaeed  fa?  each  east,  aad  the 
<J  deal  Tests  of  paragraph  3. 2. 5.1.  The  objectives  are  ao  permanent  degrada- 
don  of  the  physical  aad  opdcai  properclas  of  the  east  specimen. 
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3. 2. 5.2. 1  aocaf'on:  (.-lugs)  -  The  torque,  me'  ired  with  a  torque 
wrench,  required  to  .cate  the  coupling  out  shall  n-c  exceed  Q.S64  kg-cm. 

3. 2. 3. 2. 2  Mating  Durability;  ?lug  speciaess  shall  be  subjected  to  1000 
complect  cycles  of  mating  and  unsating.  One  cycle  shall  consist  of  coo- 

Jpleta  engagement  and  disengagement  of  connectors.  Lubrication  of  coupling 
devices  is  not  permitted.  Optical  continuity  shall  be  monitored  throughout 
the  cycling.  Ac  the.  completion  of  the  1000  cycles,  the  connector  macing 
■surfaces  may  be  cleaned  as  indicated  in  paragraph  3. 2. 4.1. 4  herein.  Ccm- 
"pliance  of  the  specimens  with  objectives  of  paragraphs  3. 2. 5.1  and  3. 2. 5. 2.1 
shall  be  determined. 

V  3. 2. 5. 2. 3  Salt  Sorav;  Ucsated  plug  specimens  shall  be  subjected  to  the 

Sait  Spray  Test  of  MH-STO-202,  Method  101,  Condition  3.  The  connectors 
shall  show  no  evidence  of  corrosion,  shall  be  capable  of  .mating,  and  compli- 
lance  with'the  objectives  of  paragraphs  3. 2. 5.1  and  2. 2. 5.2.1  herein  shall  be 
decarainad. 

|  3. 2. 5. 2. 4  Emersion:  Mated  and  uasaced  plug  specimens  shall  be  immersed 

in  a  tank  of  water  to  a  depth  sufficient  to  cover  the  cable  entry  end. 

.  Dry  air  shall  be  forced  through  the  specimens  at  a  pressure  equivalent  to 
la  1.33  meter  head  of  water  for  24  hours.  Optical  continuity  shall  be  monitored 
'"an  the  mated  specimens  throughout  the  test.  Thera  shall  be  no  evidence  of 
air  bubbles  thrnugout  the  test.  Compliance  of  the  mated  specimens  with  the 
a  objectives  of  paragraph  3. 2. 5.1  shall  be  determined.  The  mating  surfaces 
"of  the  uasaced  specimens  shall  be  dried  thoroughly  and  then  compliance  with 
the  abjective  of  paragraph  3. 2.5.1  herein  shall  be  determined. 

I  3. 2.5. 2. 5  Shock  Dtps:  ?lag  specimens  shall  be  dropped  at  random  six 

elaes  mated  from  a  height  of  3.C3  meters  onto  a  .051  me tar  thick  fir  wood 
slab  backed  by  concrete.  The  connectors  shall  be  visually  examined  and  the 
(maced  connectors  tightened  after  each  drop.  The  objectives  are  no  loose 
parts,  macing  capability,  no  loss  of  optical  continuity  through  maced  pai^s, 
and  compliance  with  Che  objectives  of  paragraph  3. 2. 5. 2.1  herein. 

^  3.2.3. 2. 6  Sand  and  Dust:  Plug  and  bulkhead  receptacle  specimens  shall 

be  subjected,  unmaced,  to  the  Sand  and  Dust  cast  of  MH-STD-202,  Method  110, 
■Test  Condition  3.  There  shall  be  no  physical  Impairment  of  the  specimens 
,  and  compliance  with  the  objectives  of  peragraphs  3. 2.5.1  and  3. 2. 3. 2.1  herein 
shall  be  determined.  i- - 

I  .  •  3. 2. 5. 2. 7  Cable  Retention:  The  plug  specimens  shall  be. subjectad  to_a — 
static  tensile  load  of  131.44  kg  for  one  minute  applied  to  the  cable  at 
leaee  .153  meters  behind  the  beck  end  of  the  plug.  The  load  shall ~ be  applied ' ' 
Jin  such  a  manner  as  to  prevent  cable  damage  in  the ; vicinity  of  application 
of  the  load.  The  objective  is  no  physical  damage  and. compliance  with-  the 
objectives  of  paragraph  3. 2. 5.1  herain  shall  be  decarainad. 


j.2.3.2.3  Flex  LI/-:  The  plug  specimens  shall  r  sub  j acted  to  the 
sbe^  of  continuous  .<  cycles  specified  beiov  far  room  temperature  and 
v  *  mperacura.  The  connector  shall  be  fastened  securely  and  the  cable 
Id  .auc  la  the  neutral  axis.  One  complete  flex  cycle  shall  be  I  90°  flex 
the  cable  about  the  neutral  axis.  Optical  continuity  shall  be  nonitpred 
coi  *houc  the  test.  The  objectives  are  no  damage  or  loss  of  optical 
ntcuity. 

.'•2.5.2. 3.1  Hoorn  Temperature:  The  plug  specimens  shall  be  flexed  far 
30  7<tiea  at  a  temperature  of  23°  ~  10°C.  Flexing  shall  be  in  tvo 
anes,  each  murually  perpendicular  to  each  other  and  to  the  face  of  the 
anrstor.  The  line  of  intersection  of  the  no  planes  shall  pass  through 

e  e  star  of  the  connector.  Half  the  number  of  flaxes  shall  be  in  one - 

aae  and  half  in  the  other  plane. 

■ 

‘  2. 5. 2. 3. 2  Lav  Temperature:  The  plug  specimens  shall  first  be  aged 
a  circulating  air  ovea  far  a  minimum  of  43  hours  at  70°  -  2°C.  The 
adeems  shall,  then  be  conditioned  for  a  minimum  of  43  hours  at  -55°  T2c 
11<  attached  to  the  flex  Ilia  tester.  Flexing  shall  then  be  conducted  as 
ecu- led  in  3. 2. 5. 2. 3.1  except  that  the  total  number  of  flex  cycles  shall 
1000  (500  in  each  pLaae) . 

.  2.5. 2.9  Twist:  Mated  plug  specimens  shall  be  tasted,  holding  the 
naectors  stationary,  and  gripping  the  cable  of  one  specimen  -133  meters 
hi:*,  its  connector  in  such  a  manner  as  not  to  be  damaging  to  the  cable, 
a  r  .alt  shall  rhea  be  subjected  to  1000  exist  cycles.  One  cycle  shall" 
nsist  of  a  130a  evisc  C-f  90°  about  the  neutral  axis) .  Optical  continuity 
alk  be  monitored  throughout  the  cycling.  The  objectives  ars  no  physical 
sat  t  to  the  specimens  nor  loss  of  opdeal  continuity  as  a  result  of  the 
st. 

« 

'  2.6  Cable  Assembly  evaluation:  Cne  kilometer  long  cable  assemblies 
ala  be  wound  on  reels  and  evaluated  in  accordance  with  the  fallowing 
it aria  so  establish  the  optimum  characteristics  and  performance  of  the 
ses  'lies.  Tvo  types  cf  reels  shall  be  used.  Cne  shall  be  Heel  DR-5  and 

e  <-uhe r,  a  non-metallic  reel,  equivalent  in  sloe,  which  is  capable  of - 

Sha tending  the  evaluation  tests.  Provision  shall  be  made  on  both  reels 
r  *  tearing  the  connectors  in  place.  Six  3ecs  of  cable  assemblies  shall 
r  ijeccad  to  the  evaluation  taste.  A  set  shall  consist  of  two  cable 
whiles ,  ons  wound  on  the  DR-5  and  the  ocher  wound  on  "the  ncn-cecallic 
eli  The  sees  shell  be  numbered  1  thru  6. 

3.2.6. 1  Assembly  Throughout  Lass:  (Sets  1  thru  57 ~'Tha  assafibl/ ‘ through 

e  ,’nss  shall  be  measured  initially;  in  accordance  with  Figure. 1,  Jon  all  "" 
be:  t,  and  shall  dot  exceed  3  i3/'<a.  ~ 

3.2. 5.2  Rian  Temperature  (See  1)  -  ?er  MTL-5TT-31C  ■  Method  501.1. 
oc:  lure  II:  The  temperature  far  Sees  7  shall  be  35°C  (ISS3?).  The 
rsughput  loes  shall  be  meesured  in  Seeps  7  and  10.  Seep  3  shell  be 
itted.  The  objective  is  mo  increase  from  the  initial  value  meesured  in 


I 
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3. 2. 6. 3  Lav  Te-  -nature  (Set  2)  -  Per  KII-ST  IQ,  Me  shod  502.1. 

Procedure  I:  The  c...  oughpuc  loss  shall  be  measured  after  the  24-hour  sta¬ 
bilization  period  of  Step  2  and  In  Sc,-?  7.  Seeps  3,  4  and  5  shall  be 
omitted.  The  abjective  Is  no  increase  from  the  initial  value  measured  in 
3. 2. 6.1. 

3. 2. 6. 4  Temperature  Shock  (Set  3)  -  ?ar  MTL-STT-310.  Method  303.1: 

The  throughput  loss  shall  be  measured  in  Step  7.  The  objective  is  no  increase 
from  the. value  measured  in  3. 2. 6.1. 

2. 2. 6. 5  Humidity  (Sec  4)  -  ?er  MH-STP-310,  Method  307.1,  Procedure  IX: 
The  throughput  loss  shall  be  measured  in  Steps  4  and  9.  The  HOTS  in  Steps 

4  and  3  shall  not  apply.  The  objective  is  no  increase  from  the  value 
measured  in  3. 2. 6.1. 

3.2.6.-6  Vibration :  ?er  M22.-ST3-31Q,  Method  514.2  (Cable  Assemblies  on 
reels.  Ho  receptacles.) 

3. 2. 6. 6.1  Secured  Cargo  (Sec  5) :  ?roeadure  X.  After  completion  of 
the  test  cycle,  the  plugs  shall  be  maced  to  the  bulkhead  recepcacles  and 
the  throughput  loss  shall  be  measured.  The  objective  is  no  increase  from 
values  measured  in  3.2. 6.1. 


3. 2. 6. 6. 2  Loose  Cargo  (Set  6) :  Procedure  XT.  After  completion  of  Che 
test  cycle,  the  plugs  shall  be  mated  to  the  bulkhead  recepcacles  and  the 
throughput  loss  shall  be  measured.  The  objective  is  no  increase  from 
values  measured  in  3. 2. 6.1. 
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Physical : 

*.  Length 

b.  Number  ox  fibers 
e.  Size  overall  (aaxinua) 
d.  Weighs  (maxima) 

transmission; 

a.  Wavelength 

b.  Attenuation  (maxima) 

c.  Data  transmission 

(1)  3is  rasa 

(2)  Xise  and  fall  lines 

(3)  Pulse  flatness 

(4)  Pulse  dispersion  (maxima) 

d.  Nunarical  aperture 

Mechanical : 


1  kilometer  __ 

5 

.'0C6A  aecer  _ 

23  kg/ km 

6000  -  10,600  Angstroms 

3  dB/ka 

20  aegabits/ second  _ 

4  aanoseconds 

3  d3  peak  to  peak  variation 
from  voltage  output  level 

2  nanoseconds  per  kilometer 

.14  aininua  per  kilometer  length 


e.  tensile  load  (a  mater  gauge  length)  131.41  kg 

b.  Vibration,  temperature f  Eumidirp,  '.CL- 513-310 

fungus 


c.  flexing.  Impact,  twisting 


!SL-C-U?77 


Nuclear  iur-riv-a gi'-'.rr- 


10^  to  10-5  roentgens  level 
(Cobalt,  50 

10^-2  to  IQ-*1*  stucrons/cn- 
(1  Mev  equivalent) 
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TEST  CHAMBER 


REEL  OF  CABLE  — v 


APPLICATION 


USID  ON 


REVISIONS 


_  OISCRIPTION _  I  DAT!  APPROVCD 


-  SCO  4  10827  (Orig.  Issue)  JDM  4/29/82 
A  SCO  *  10945  JDM  6/11/82 
B  SCO  4  10963  JDM  6/29/82 
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PROCEDURE  FOR  TERMINATING 
MULTIPLE  OPTICAL  FIBER  CABLE  WITH 
THE  HUGHES  6 -CHANNEL 
BULKHEAD  RECEPTACLE  CONNECTOR 
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PROCEDURE  FOR  TERMINATING 
MULTIPLE  OPTICAL  P-IBBR  CABLE  WITH 
THE  HUGHES  6 -CHANNEL 
BULKHEAD  RECEPTACLE  CONNECTOR 
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SCOPS: 

1.1  This  is  a  detailed  assembly  procedure  for  the  termination 

of  multifiber  optical  cable  to-  the- Hughes  6-channel  bulk¬ 
head  receptacle  connector.  —  —  •  — 

REFERENCE  DOCUMENTS: 

2.1  213,585  -  Fiber  Optic  Cable  Assembly 

2.2  213,784  -  Fiber  Optic  Connector  Socket  Contact 

2.3  213,785  -  Fiber  Optic  Connector  Pin  Contact 

2.4  FC  213,826  -Flow  Chart  -  Assembly  of  Hughes  Bulkhead  Connector 

2.5  213,58-7-  -  fS^^lT^Sihead  Receptacle 

EQUIPMENT : 

3.1  Cable  Preparation 

3.1.1  VA  211,638  or  equivalent  -  Scissors 

3.1.2  6"  Ruler  with  0.1"  graduations  or  equivalent 

3.1.3  VA  211,596-X,  Strippers 

3.1.4  VA  211,586  or  equivalent  -  Diamond  Scriber 

3.1.5  Felt  Tip  Marking  Pen  (Optional) 

3.1.6  0-1",  0.0001"  accuracy,  Outside  Micrometers 

3.1.7  "0"-ring  Installation  Tool  (Optional) 

3.1.8  Adjustable  Spanner  Wrench  (Face-type) 

3.1.9  Adjustable  Open  End  Wrench  with  <1"  Capacity 

3.1.10  X-Acto  Knife  andSlades  (Optional) 

3.1.11  Needle-point  Tweezers 

3 . 2  Contact  Installation  ' _ 

3.2.1  Needle  Point  Tweezers - - — <= — - 

3.2.2  0-100  gram  Scale  with  0 .V  gram' increments 


■rnr 
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3.2.3  Bell  Jar  Vacuum  Chamber 


3.2.4  Contact  Epoxying  Fixture  with  Heat  Controller 
(Hughes  #il43690S  or  equivalent) 

3.2.5  VA  211,606-2,  10  cc  Disposable  Syringe  with  ap¬ 
proximately  6"  of  VA  211,376  Tubing 

3.2.6  Circular  Fluorescent  Lamp  with  approximately  3X 
magnification  window 

3.2.7  VA  211,586  or  equivalent,  Diamond  Scriber 
Hand  Lapping 

3.3.1  6-Channel  Adjustable  Fiber  Optic  Contact  Polishing 
Tool  (Hughes  CDD  I1143225-2S  or  equivalent) 

3.3.2  Single-Channel  Adjustable  Fiber  Optic  Contact 
Polishing  Tool  (Hughes  CDD  #10939928  or  equivalent) 

3.3.3  VA  211,586  or  equivalent,  Diamond  Scriber 

3.3.4  Polishing  Discs  and  Tray  (Hughes  CDD  #1127559S 
or  equivalent  listed  below) 

3. 3. 4.1  3000-Grit,  6"  Diameter  Diamond  Disc 
(Crystalite  #116  or  equivalent) 

3. 3. 4. 2  6”  Diameter  Phenolic  Polishing  Lap 
(Crystalite  #136  or  equivalent) 

3. 3. 4. 3  Stainless  Steel  Tray 

3.3.5  80X  (approximate)  Stereo  Microscope  with  Illumina¬ 
tor 

3.3.6  Microscope  Illuminator  for  backlighting  fibers 

3.3.7  Scrub  Brush  or  Toothbrush 

3.3.8  150X  (approximate)  End  Face  Inspection  Microscope 
Automated  Lapping  and  Polishing 


soul 
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3.4.1  Strasbaugh  Model  6Y-DC-2  Grinder/Polisher  with 
two  16"  diameter  Kemet  Copper  Solid  Lapping  Plates 

3.4.2  Two  2-Stage  Hyprez  Minimiser  Spray  Units 

3.4.3  Two' Magne-tic  Stirrers 
3.5  Final  Assembly 

3.5.1  475  Watt  Heat  Gun,  Master  or  equivalent 

3.5.2  Contact  Insertion  Tool  (Hughes  COD  I1143042-2S) 

3.5.3  Alignment  Sleeve  Insertion/Removal  Tool  (Hughes 
COO  #11438955') 

3.5.4  Contact  Removal  Tool  (Hughes  CDD  4TMF16RT006) 

3.5.5  3/32"  Hex  Key 

3.5.6  5/64"  Hex  Key 

3.5.7  Backshell  Wrench 


MATERIALS : 


4.1 


Cable  Preparation 
4.1.1 


Solvent  (2-Propanol  or  Isopropyl  Alcohol)  in 
plastic  squeeze  bottle 

1/2"  or  3/4"  Wide  Masking  Tape 

Disposable  Paper  wipers 

Single  Edge  Razor  Blades 

Solvent  (Acetone)  in  plastic  squeeze  bottle 
Cotton  Swabs 


4.2 


4.1.2 

4.1.3 

4.1.4 

4.1.5 

4.1.6 

Contact  Installation 

4.2.1  1/2"  or  3/4"  wide  Masking  Tape 

4.2.2  Disposable  Paper  Wipers 

4.2.3  Aluminum  Weighing  Pans 

4.2.4  Flat  Wooden  Toothpicks 
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4.2.5  Cotton  Swabs 


4.2.6  Solvent  (2-Propanol  or  Isopropyl  Alcohol)  in 
plastic  squeeze  bottle 

4.2.7  Solvent  (Acetone)  in  plastic  squeeze  bottle 

Hand  Lapping  and  Polishing 

4.3.1  VA  213,318-1,  .3  Micron  Alumina  Disc,  6"  diameter 
3  mil  Polyester  back  (if  polishing  method  II  is 
used) 

4.3.2  Two  250  ml  Beakers  of  Solvent  (2-Propanol  or 
Isopropyl  Alcohol) 

4.3.3  Water  in  plastic  squeeze  bottle 

4.3.4  Solvent  (2-propanol  or  isopropyl  alcohol)  in  a  plastic  squeeze 
bottle 

4.3.5  Four  Baths  of  Clean  Tap  Water  (2  for  lapping; 

2  for  polishing) 

4.3.6  Single-Edge  Razor  Blades 

4.3.7  VA  214,782-1,  1  Micron  Water  Soluble  Diamond 
Compound  (if  polishing  method  I  is  used) 

4.3.8  Disposable  Paper  Wipers 

4.3.9  VA  214,307,  Water  Soluble  Lubricant  (if  polishing 
method  I  is  used) 

4.3.10  Atomizer/Sprayer  (if  polishing  method  I  is  used) 

Automated  Lapping  and  Polishing 

4.4.1  VA  213,819-1,  1/2  Micron,  Standard  Concentration, 
S-841  Grade  Diamond  slurry 

4.4.2  VA  213,819-4,  9  Micron,  Standard  Concentration r 
S-841  Grade  Diamond  Slurry 

4.4.3  VA  214,779,  Aquasol  #1  Cleaning  Solution  Concentrate 

4.4.4  VA  214,307,  Water  Soluble  Lubricant 
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4.5  Final  Assembly 


4.5.1  Solvent  (2-Propanol  or  Isopropyl  alcohol)  in 
plastic  squeeze  bottle 

4.5.2  Disposable  Paper  Wipers 

4.5.3  Aerosol  "Dust  Remover" 

PROCEDURE : 

5.1  Coating  of  Marking 

5.1.1  Using  a  paper  wiper  dampened  with  solvent  (2- 
Propanol  or  Isopropyl  alcohol) ,  clean  the  marking 
area  of  the  connector  housing  and  the  dust  cover. 

5.1.2  Using  a  cotton  swab,  coat  the  marking  on  the  dust 
cover  and  connector  housing  with  fungus /moisture 
resistant  varnish. 

5.1.3  Allow  the  varnish  to  air  dry  for  at  least  12  hours 
before  handling. 

5.1.4  Wrap  the  dust  cover  and  the  outside  of  the  con¬ 
nector  housing  with  foam  packing  material  to  pro¬ 
tect  the  finish  from  damage  due  to  handling. 

5.2  Removal  of  the  outer  cable  jacket 

NOTE;  Refer  to  the  cable  specification  drawing  for  a 
cross-sectional  view  of  the  cable. 

5.2.1  Using  a  paper  wiper  dampened  with  solvent  (2- 
Propanol  or  Isopropyl  alcohol) ,  clean  the  last  meter 
of  cable  at  the  end  to  be  terminated. 

5.2.2  Refer  to  the  cable  assembly  drawing  for  the  properv 
orientation  of  the  cable  markers.  Slide  the  cable'’ 
markers  over  the  cable  to  a  point  where  they  will  - 
not  interfere  with  the  termination  process. 

NOTE:  Do  not  adhere  (or  shrink)  the  cable 

markers  to  the  cable  at  this  time. 

5.2.3  Slide  the  connector  housing,  notched  end  first, 
over  the  cable. 
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5.2.4  Slide  the  piece  of  bend  limiter  shrink  tubing  and 
the  inner  sleeve,  knurled  end  first,  onto  the  cable. 

5.2.5  Bend  the  cable  around  your  fingers  at  least  six 
inches  from  the  cable  end  as  shown  in  figure  5.2-1. 
Using  an  X-Acto  knife  or  razor  blade,  carefully 
make  a  cut  around  the  circumference  of  the  cable 
outer  jacket  at  the  bend  with  single  strokes.  The 
cut  should  be  deep  enough  to  expose  the  yellow 
Kevlar  strength  members,  but  not  damage  them. 

Gently  pull  the  outer  jacket  off  and  discard  it. 

5.2.6  Visually  inspect  the  Kevlar  strength  member  where 
the  outer  jacket  was  cut  to  ensure  it  has  not  been 
damaged.  If  the  Kevlar  has  been  damaged,  check 
with  engineering  for  next  operation. 

5.2.7  The  strength  member  can  now  be  taped  back  with 
masking  tape  along  the  cable  outer  jacket,  reduc¬ 
ing  the  possibility  of  it  becoming  damaged. 

3  Removal  of  the  cable  inner  jacket 

NOTE:  This  process  may  be  performed  using  either  of  two 

methods.  The  method  described  in  steps  5.3.1  thru 
5.3.2  is  preferred  by  most  individuals 

METHOD  I 

5.3.1  Starting  at  the  exposed  end  of  the  cable,  insert  a 
razor  blade  or  the  blade  of  an  X-Acto  knife  uncer 
the  inner  jacket.  With  the  sharp  edge  of  the  blade, 
carefully  slit  the  inner  jacket  approximately  1"  up 
the  length  of  the  cable. 

CAUTION:  Be  careful  not  to  nick  the  jacketed 
fibers . 


Grasping  the  free  jacket  end  just  cut,  pull  .theC” 
jacket  back  parallel  to  the  cable  axis  and  away"'  * 
from  the  cable  end.  Using  masking  tape,  tape  tdie 
jacket  fibers  to  a  tabletop  so  the  cable  to  be 
stripped  extends  from  the  tabletop.  Refer  to  figure 
5.3-1.  When  done  correctly,  the  jacket  will  fold 
back  over  itself  for  approximately  1/8".  This  fold¬ 
ed  over  section  is  where  the  next  cut  is  made  to 
progress  the  slit  up  the  cable.  As  the  folded  over 
section  is  cut,  the  inner  jacket  is  permitted  to  be 
pulled  back.  Continue  in  this  manner  until  the 
inner  jacket  is  slit  to  within  1/8"  of  the  outer 
jacket. 
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5.3.2  Using  the  razor  blade  or  X-Acto  knife,  carefully 
make  a  circumferential  cut  around  the  cable  inner 
jacket  at  the  end  of  the  slit.  This  cut  should  be 
deep  enough  to  expose  the  jacketed  fibers,  but  not 
damage  them.  Gently  pull  the  inner  jacket  off  and 
discard  it.  Proceed  to  step  5.2.4. 

METHOD  II 

5.3.3  Bend  the  cable,  at  the  point  where  the  outer  jacket 
ends,  around  you r  fingers. 

Using  an  X-Acto  knife  or  razor  blade,  carefully 
make  a  circumferential  cut  around  the  cable  inner 
jacket  within  1/8"  of  the  outer  jacket.  The  cut 
should  be  deep  enough  to  expose  the  jacketed  fibers 
but  not  damage  them.  Gently  slide  the  inner  jacket 
off  in  short  strokes  and  discard  it. 

5.3.4  Visually  inspect  the  jacketed  fibers  to  ensure 
they  have  not  been  damaged  during  the  inner  jacket 
removal  process.  If  a  fiber  jacket  has  been  pene¬ 
trated,  cut  off  the  prepared  end  and  return  to  5.1. 

5.3.5  If  a  jacketed  filler  member  (a  strand  of  Kevlar 
with  a  plastic  jacket)  is  present,  cut  it  off 
within  1/4"  of  the  cable  inner  jacket  with  an 
X-Acto  knife,  razor  blade,  or  serrated  blade 
scissors. 

5.4  Strength  member  tie-off  assembly 

5.4.1  Place  the  locking  sleeve,  narrow  end  first,  over 
the  Kevlar  strength  members  and  the  fibers  and 
slide  it  down  the  cable  until  it  butts  against 
the  outer  cable  jacket. 

Hold  the  Kevlar  strength  members  aside  and  slide  _ 

the  "o"-ring  over  the  jacketed  fibers.  . 

5.4.2  Comb  out  the  Kevlar,  making  sure  the  locking 
sleeve  is  butted  against  the  outer  cable  jacket* 
slide  the  "o"-ring  forward  over  the  locking'  sleeve 
and  Kevlar  until  it  rests  in  the  "o"-ring  groove 
on  the  locking  sleeve. 

NOTE:  At  any  time,  the  Kevlar  can  be  wetted 

with  solvent  (2-Propanol  or  Isopropyl 
alcohol)  to  facilitate  easier  handling. 


Figure  5.2-1.  Catting  Outer  Jacket. 
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5.4.3 


5.4.4 


Bring  the  Kevlar  forward  over  the  jacketed  fibers, 
slide  the  jam  nut,  threaded  end  first,  over  the 
Kevlax®and  jacketed  fibers.  Slide  the  inner 
sleeve  forward,  seating  the  locking  sleeve  into 
the  inner  sleeve.  Engage  the  jam  nut  and  tighten 
using  the  spanner  and  open  end  wrenches  . 


Using  idle  serrated  blade  scissors,  trim  the  excess 
Kevlar~flush  with  the  face  of  the  jam  nut. 


KevlarHflush  with  the  face  of  the  jam  nut. 
Fiber  end  preparation 


5.5.1  Dampen  a  paper  wiper  with  acetone  and  wipe  it 
along  the  jacketed  fibers  until  the  color  code 
ink  is  completely  removed  from  the  first  4  inches 
of  the  fiber  jacket. 

NOTE:  This  step  is  not  required  for  fiber 

jackets  fabricated  with  colored  Hytrel. 

5.5.2  Fiber  end  preparation  -  Method  I 


NOTE: 


5. 5. 2.1 


5. 5. 2. 2 


5. 5. 2. 3 


This  process  may  be  performed  using 
either  of  two' techniques. -  The  technique 
described  in  step  5.5.3  is  preferred. 

Using  masking  tape,  secure  the  cable  to 
a  tabletop  so  the  jacketed  fibers  extend 
about  2"  over  the  edge  of  the  table. 

Using  masking  tape,  secure  the  jacketed 
fibers  to  the  tabletop.  If  multifiber 
cable  is  being  used,  orient  the  jacketed 
fibers  so  they  fan  out  about  3/8"  from 
one  smother. 

While  holding  the  end  of  the  jacketed 
fiber  under  moderate  tension  with  one 
hand,  cut  through  the  fiber  jacket  using 
a  razor  blade  or  X-Actd®knife  h^lsj,  ft-—-, 
approximately  30°  to  the  .fiber?  - .-BeiaSp/ 
to  figure  5.5-1  Slow-ly^iji^aw 

the  razor  blade  a£  X-Actd^knife  down  to 
the  end  of  the  fiber.  Repeat-  this?  same 
procedure  on  the  opposite  side  of  the 
fiber,  removing  the  fiber  jacket  in  its 
entirety.  The  stripped  fiber  dimensions 
should  be  as  shown  in  figure  5.5-3.  Pro 
ceed  to  step  5.6. 


COOS  IOINT  NO. 

13567 

DRAWING  NO. 

RT  VJ  213,751 

5.5.3 


Fiber  end  preparation  -  Method  II 


5. 5. 3.1  Using  masking  tape,  secure  the  cable  to 
a  tabletop  so  the  jacketed  fibers  extend 
about  2“  over  the  edge  of  the  table. 

5. 5. 3. 2  Using  masking  tape,  secure  the  jacketed 
fibers  to  the  tabletop.  If  multifiber 
cable  is  being  used,  orient  the  jacket¬ 
ed  fibers  so  they  fan  out  about  3/3" 
from  one  another. 

5. 5. 3. 3  Insert  the  jacketed  fiber  between  the 
plastic  centering  guides  of  a  Clauss 
No-Nikf®s  trippers  (use  the  0.010" 
strippers  for  0.5  mm  fiber  jackets;  the 
0.016"  strippers  for  1.0  mm  fiber  jackets). 
Position  the  strippers  so  only  about  1/2" 
of  jacketed  fiber  extends  from  the  strip¬ 
pers  . 

NOTE:  Right-handed  operators  should  hold 

the  strippers  with  the  arrow  Up; 
left-handed  operators  with  the 
arrow  down. 

Lightly  squeeze  the  stripper  handles; 
and  using  slow  steady  pressure,  pull 
the  strippers  parallel  to  the  fiber 
axis  toward  the  fiber  end.  Repeat  this 
process  until  the  stripped  fiber  dimen¬ 
sions  are  as  shown  in  figure  5.5-3.  If 
the  RTV  buffer  remains  on  the  fiber,  it 
can  be  removed  with  a  razor  blade  using 
the  technique  described  in  5 . 5 . 2 . 3 . 

Proceed  to  step  5.6. 
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REMOVAL  OF  HYTREL®  COATING 


Figure  5.5-1.  Removal  of  Hytrel*  Fiber  Jacket. 

(Method  i) 
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Connector 

Channel  No. 

contact 

Type 

Strio  Dimensions ( Inches! 

3 

5 

1 

Pin 

3 . 0*0 . 1 

3 .7+0.1 

2 

Socket 

3 . 3+0 . 1 

4.0+0. 1 

3 

Pin 

5. 0+0.1 

3 . 7+0 . 1 

4 

Socket 

3 . 3+0 . 1 

4.0+0. 1 

S 

Pin 

3.0+0. 1 

3. 7+0.1 

6 

Socket 

3 . 3+0 . 1 

4 . 0  +  0 . 1 

MOTE:  The  Fiber  color/connector  channel  cross-reference  is  given 
in  the  cable  assembly  drawing.  . 


FIGURE  5.S-3 


FIBER  STRIPPING  DIMENSIONS 
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Fiber  cleaning  and  cleaving 


5.6.1  Dampen  a  paper  wiper  with  solvent  (isopropyl 

alcohol,  or  2-propanol > ,  and  wipe  it  along  the 
tarn  fiber  until  it  is  "squeaky"  clean-and  all 
traces  of  RTV  buffer  are  removed. 


If  the  RTV  buffer  still  remains  on  the  fiber, 
dampen  a  paper  wiper  with  solvent  (acetone)  and 
wipe  it  along  the  bare  fiber  until  it  is  "squeaky" 
clean  and  all  traces  of  RTV  buffer  are  removed. 

5.6.2  Place  a  piece  of  masking  tape  around  the  tip  of 
your  index  finger,  sticky  side  out.  Gently  squeeze 
about  the  last  1/4"  of  bare  fiber  between  your 
thumb  and  the  taped  index  finger.  While  applying 
moderate  tension  to  the  fiber,  carefully  and  gently 
bring  the  diamond  scribe  close  to  the  fiber  about 
1/2"  from  the  unstripped  jacket.  In  a  single  down¬ 
ward  stroke,  gently  slide  the  point  of  the  scribe 
across  the  diameter  of  the  fiber.  Slowly  and 
steadily  pull  the  fiber  straight  away  from  the 

table  until  it  cleaves.  Refer  to  figure  5.5-3  ....... 

for  an  example  of  a  prepped  fiber. 

5.6.3  Using  the  micrometer,  measure  the  diameter  of  the 

piece  of  bare  fiber  just  cut  off  at  two' points' . 

90°  apart.  Refer  to  figure  5.6-1.  Record  the 

cable  serial  number,  fiber  color,  and  the  fiber 
diameter  measurements .  Retain  the  piece  of-  fiber 
on  the  tape  and  record  the  fiber  color_qn _the__tape . _ 

5.6.4  Using  a  microscope  with  a  magnificatiow-o-f-150X  -  - - 

inspect  the  cleaved  end  of  the  fiber  attached  to 

the  tape.  The  fiber  core  should  be  circular  in 
appearance  as  illustrated  in  figure  5.5-4.  If 
the  fiber  end  is  "NOT  ACCEPTABLE" ,  contact  engineer¬ 
ing  immediatley.  If  the  fiber  end  is  "ACCEPTABLE" 
discard  the  piece  of  tape  and  fiber. 
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Fiber  Diameter  Measurement. 
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Contact  selection  and  termination 

5.7.1  Place  the  strength  member  tie-off  into  the  notch 
in  the  curing  station  so  its  flat  portion  rests 
against  the  holder.  Latch  the  toggle  clamp  down 
to  secure  the  strength  member  tie-off  in  place. 

5.7.2  Two  different  types  of  contacts,  pin  contacts 
and  socket  contacts,  are  used  in  the  assembly  of 
the  Hughes  connector.  The  socket  contact,  which 
is  shipped  with  an  alignment  sleeve,  looks  the 
same  as  the  pin  contact  except  the  socket  contact 
does  MOT  have  the  belleville  washers  on  its  shank. 
The  type  of  contact  to  be  installed  on  each  fiber 
is  specified  in  figure  5.5-3. 

5.7.3  To  select  the  correct  si2e  contact,  refer  to  fiber 
diameter  measurements  recorded  in  5.6.3.  If,  for 
example,  the  fiber  diameter  was  0.0051",  an  051 
contact  shall  be  used.  If  the  fiber  measured 
slightly  less  than  0.0051"  but  greater  than  0.0050 
then  an  050  contact  might  be  used  instead  of  the 
051  contact.  The  smallest  contact  hole  should  be 
used  that  can  fit  over  the  fiber. 

5.7.4  Carefully  slide  the  correct  size  and  type  of  con¬ 
tact,  eyeletted  end  first,  over  the  fiber  and 
gently  rotate  it  until  the  fiber  exits  the  pre¬ 
cision  drilled  hole  and  the  fiber  jacket  prevents 
further  penetration.  If  the  fiber  will  not  fit 
through  the  precision  drilled  hole,  select  the 
next  size  larger  contact  and  slide  it  over  the 
fiber. 

NOTE:  Occasionally  a  slight  burr  in  the  eyelet 

at  the  rear  of  the  contact  prevents':-:  the 
fiber  jacket  from  entering  the  contact. 
This  burr  can  be  removed  prior  to  inser¬ 
tion  of  the  fiber  by  gently  reaming  the 
eyelet  hole  slightly  with  the  point  and 
of  a  pair  of  needle  nose  tweezers. 
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Set  the  contact/fiber  subassemblies  into  their 
respective  grooves  in  the  epoxy  curing  station  so 
their  weep  holes  face  upward. 

NOTE :  All  pin  contacts  fit  the  grooves  marked 

"?";  all  socket  contacts  fit  the  grooves 
marked  "S". 

Gently  slide  the  holding  clips  over  the  contacts 
so  they  are  held  firmly  in  place. 

CAUTION:  The  front  edge  of  the  holding  clips 

should  be  located  so  the  contact  weep 
holes  are  not  obstructed. 

Carefully  withdraw  each  fiber  from  its  contact 
about  1/16"  to  1/8"  and  tape  the  fiber  jacket  in 
this  position  on  the  holding  block. 

NOTE:  Approximately  0.050"  (1.25  mm)  of  bare 

fiber  should  be  protruding  from  the 
precision  drilled  end  of  the  contact. 

Preheat  the  curing  station  to  55°  +5°C  for  at 
least  five  minutes . 

U3ing  a  paper  wiper  dampened  with  solvent 
(isopropyl  alcohol  or  2-propanol) ,  clean  an  alumi¬ 
num  weighing  pan  to  remove  any  oily  film  and  allow 
it  to  air  dry. 

Mix  10  parts,  by  WEIGHT,  of  Epo-Tek  330-D  Part  A 
resin  and  1  part,  by  WEIGHT,  of  Epo-Tek  330-D 
Part  3  hardener  in  the  cleaned  weighing  pan  until 
the  color  is  uniform. 

The  minimum  batch  size  of  epoxy  to  be  made  is 
5.5  grams  (total).  Deair  the  epoxy  by  placing 
the  pan  in  a  bell  jar  vacuum  chamber  and  pulling 
a  vacuum  until  foaming  is  minimal.  Release  the 
vacuum.  The  epoxy  is  now  ready  for  use  and  has 
a  pot  life  of  about  one  week.  Label  the  pan  of 
epoxy  with  your  initials  and  the  date  the  epoxy 
was  mixed. 
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5.7.8  Using  a  piece  of  scrap  fiber  or  a  flat  wooden 
toothpick,  apply  Epo-Tek  330-D  epoxy  at  the 
eyeletted  end  of  the  contact  to  form  a  bead  where 
the  fiber  jacket  enters  the  contact,  if  the  epoxy 
wicks  into  the  contact,  apply  additional  epoxy 
as  required  until  a  bead  is  formed. 

CAUTION:  Too  large  a  bead  will  cause  the  contact 

to  be  bonded  to  the  fixture. 

Carefully  slip  the  tubing  of  the  vacuum  syringe 
over  the  contact  end  with  the  syringe  plunger 
fully  inserted. 

CAUTION:  Use  care  so  as  not  to  break  the  end 
of  the  fiber. 
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Using  a  piece  of  scrap  fiber  or  a  flat  wooden 
toothpick,  apply  Epo-Tek  330-D  epoxy  into  the  con¬ 
tact  week  hole  until  it  is  filled.  To  reduce  the 
chance,  of  entrapped  air  in  the  contact,  always 
apply  the  epoxy  at  one  side  of  the  weep,  hole  so 
air  can  escape  on  the  other  side.  If  an  air  bubble 
does  appear  in  the  west*  hole,  remove  it  with  the 
end  of  a  cotton  swab.  Apply  moderate  suction  by 
slowly  withdrawing  the  plunger:  from  the  syringe. 
This  permits',  the  epoxy  to  wick  into  and  fill  the 
contact.  Continue  to  add  drops  of  epoxy  at  the 
weep:  hole  and  eyeletted  end  of  the  contact  until 
traces  of  epoxy  can  be  seen  entering  the  suction 
tubing  or  an  epoxy  bead  is  evident  around  the 
fiber  where  it  exits  the  contact.  An  illuminated 
magnifier  can  be  used  to  assist  in  viewing  the 
formation  of  this  epoxy  bead. 

CAUTION:  Always  maintain  the  suction  on  the 

epoxied  contact  until  the  suction  tubing 
is  removed;  otherwise,  air-pockets  will 
be  introduced  into  the  epoxy  in  the 
contact. 
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5.7.9  Slide  the  suction  tubing  off  of  the  contact  end, 
and  remove  any  excess  epoxy  (refer  to  figure  5.7-1) 
from  around  the  eyeletted  end  of  the  contact  and 
the  weep  hole  with  the  corner  of  a  paper  wiper,  a 
clean  wooden  toothpick,  or  cotton  swab. 

NOTE:  No  epoxy  is  permitted  in  the  belleville 

washers  or  spring  clips,  nor  should  ex¬ 
cessive  amounts  of  epoxy  be  evident  at 
the  eyeletted  end  of  the  contacts. 

5.7.10  Apply  a  drop  of  epoxy  over  the  precision  drilled 
end  of  the  contact  to  form  a  supportive  bead 
around  the  fiber. 

5.7.11  Set  the  temperature  controller  to  95°  +5/-0°C 
and  allow  the  epoxied  contacts  to  cure  for  at 
least  45  minutes.  When  cured,  the  epoxy  will 
change  color  from  "straw"  to  orange/reddish- 
orange  . 

5.7.12  After  the  epoxy  has  completely  cured,  switch  the 
temperature  controller  off,  unclip  the  contacts, 
remove  the  tape  securing  the  fiber  jackets  to 

the  holding  block,  and  release  the  strength  member 
tie-off  toggle  clamp.  Remove  the  contact/cable 
subassembly  from  the  fixture. 

NOTE:  If  the  fixture  is  cool,  a  solvent  (2- 

propanol  or  isopropyl  alcohol)  can  be 
used  to  soften  the  tape's  adhesive, 
facilitating  its  removal  from  the  fiber 
jackets . 

5.8  Preparation  of  the  contact  ends  prior  to  grinding 

5.3.1  Using  the  diamond  scriber,  scribe  off  any  excess 
fibers  as  close  to  the  epoxy  bead  as  possible. 

CAUTION:  Do  not  snap  the  fiber  off  as  this  could 
induce  cracks  in  the  fiber  core  which 
cannot  be  polished  out. 


4 


II 


l.  ?!  **4-  at* 


size 

A 

COM  IOINT  NO. 

13567 

DRAWING  no. 

RT  VJ  213,751 

SCAtC 

MVISION  c>.  |SHilT  ?  f 

C-34 


— SxcZ-Zii  £>c*v 


7IGUFE5 .7-1  Spoxy  Meniscus  Criteria. 


TTT] 

COQI  IOINT  NO. 

0KAW1NQ 

NO. 

A 

13567 

B-TVJ  213,751 

sail 

■(VISION 

& 

jSHIIT  22. 

5.3.2  Using  a  single-edge  razor  blade,  carefully  peel 
off  any  excess  epoxy  '*hich  has  cured  on  the  out¬ 
side  diameter  of  the  precision  drilled  contact 
end. 


CAUTION:  Do  not  gouge  the  contact  surface  or 

peel  off  the  epoxy  bead  on  the  face  of 
the  contact. 

5.9  Preparation  of  lapping  and  polishing  plates 

5.9.1  The  lapping  and  polishing  operations  described 
later  core  carried  out  using  abrasive  substances 
(particles  of  significantly  different  3ize  and 
character) .  The  lapping  operation  takes  place 
using  a  3000  grit  diamond  wheel.  These  abrasive 
particles  are  very  large  in  comparison  to  the 
polishing  compound  and  if  transferred  to  the 
polishing  surface  can  easily  cause  the  destruc¬ 
tion  of  a  finely  polished  surface.  It  is,  there¬ 
fore,  important  that  the  contacts  and  polishing 
fixture  be  washed  free  of  grit  from  the  lapping 
operation  before  beginning  the  polishing  operation. 
A  toothbrush  or  scrub  brush  can  greatly  speed  the 
cleaning  operation. 

If  several  fibers  are  to  be  worked  at  any  one  time, 
it  is  best  to  perform  all  the  lapping  operations 
at  one  time  and  conduct  a  complete  cleaning  of  the 
parts  involved  prior  to  beginning  the  polishing 
operation.  This  technique  not  only  increases  the 
overall  speed  of  the  operations  but  also  decreases 
the  likelihood  of  the  contamination  of  the  polish¬ 
ing  surface. 

5.9.2  Clean  the  surfaces  of  the  lapping  and  polishing 
plates  thoroughly  using  paper  wipers  and  water. 
Allow  the  plates  to  air  dry. 

5.10  Lapping  the  contact  end  faces 

NOTE:  This  process  may  be  performed  using_ either  a  single 

channel  or  multi-channel  polishing" fixture.  For 
multifiber  cables,  it  is  preferred 'that  the  multi¬ 
channel  fixture  be  used.  If  the  Rising le  channel 
fixture  is  used  to  polish  multifiber  cables',  it  is 
helpful  to  harness  the  contacts  not  being  polished 
with  masking  tape.  This  harness  should  keep  con¬ 
tacts  already  polished,  or  awaiting  polishing, 
from  being  damaged. 
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5.10.1  Mount  the  contacts  in  the  grooves  on  the  polish¬ 
ing  tool  cradle.  Slide  the  retaining  sleeve  over 
the  nose  of  the  cradle  to  hold  the  contact (s)  in 
place.  Secure  the  strength  member  tie-off  with 
its  holder  to  prevent  fiber  breakage  (not  requir¬ 
ed  if  the  single-channel  polishing  fixture  is 
used) .  insert  the  cradle  assembly  into  the  ad¬ 
justable  carrier  and  engage  the  carrier  lock-in 
pins  by  pushing  the  cradle  into  the  tool  and 
rotating  it  30°  clockwise. 

5.10.2  Turn  the  selection  knob  so  the  "G"  is  facing  up¬ 
ward  toward  the  cradle  top.  This  should  make  the 
face  of  the  outer  stainless  steel  ring  (on  the 
bottom  of  the  tool)  flush  with  the  inner  brass 
face  of  the  tool. 

5.10.3  Wet  the  surface  of  the  3000  grit  diamond  wheel 
with  water.  The  diamond  wheel  must  always  be 
kept  wet  and  all  traces  of  lapped-off  material 
washed  off  as  required. 


Place  the  tool  face  down  on  the  diamond  wheel  and 
move  it  in  a  figure-8  pattern  over  the  wheel. 

After  a  few  revolutions  on  the  wheel,  unlatch  the 
carrier  key  and  slowly  rotate  the  carrier  clock¬ 
wise  as  the  tool  is  rotated  over  the  diamond  wheel 
Stop  when  the  carrier  key  latches  itself  in  the 
indexing  notch. 

5.10.4  Thoroughly  rinse  the  polishing  tool  with  clean 

water  from  a  plastic  squeeze  bottle  to  remove  all 
traces  of  grit  from  the  grooves  in  the  face  of 
the  tool.  A  wet  scrub  brush  or  toothbrush  may 
be  used  to  aid  in  the  cleaning  process. 


5.10.5  Visually  examine  the  fiber/contact  end  faces. 

The  desired  fiber  end  face  appearance  is  a 
uniform,  matte-like  surface,  free  of  deep  scratches 
and  pits,  having  no  traces  of  epoxy  on  the  face 
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5.11  Polishing  the  contact  end  face. 

NOTE:  The  most  important  aspect  of  the  polishing  opera¬ 

tion  is  cleanliness.  A  polishing  surface  contamin¬ 
ated  with  dirt  or  grit  can  completely  ruin  a  fiber 
end  face  with  one  stroke  of  the  polishing  tool. 
Careful  storage  of  the  polishing  surface  and  care 
to  prevent  the  transfer  of  grit  from  the  previous 
lapping  step  is  generally  sufficient  to  prevent 
contamination . 

EXTSEME  CAUTION:  Do  NOT  use  any  solvents  to  clean  the 

phenolic  lap.  Solvents  will  dissolve 
the  adhesive  backing  of  the  lap  and 
corrode  the  aluminum  disc. 

Immediately  dry  the  phenolic  lap  with 
paper  wipers  after  use. 

NOTE:  This  process  may  be  performed  using  either  of 

two  techniques.  The  technique  described  in  step 
5.11.2  (Method  II)  is  preferred. 

5.11.1  Contact  end  face  polishing  -  Method  I 

5.11.1.1  Apply  four  or  five  1/4"  diameter  spots- 
of  1  micron  diamond  paste  onto  the 
phenolic  lap  surface.  Using  the  atomizer 
or  a  plastic  squeeze  bottle,  apply  a 
light  film  of  lubricant  solution  (50% 
tap  water  plus  50%  water  soluble  lube) 
over  the  lap  surface.  Using  an  empty 
polishing  tool  with -the  selection,  knob- on  "P”, 
work  over  the  entire  lap  surface  for  approximately 
one  minute  using- light- pressure . 

CAUTION:  If  the  polishing  tool  "drags” 

over  the  lap,  spray  additional 
lubricant  solution  onto  the 
lap .  The  lap  surface  should 
now  have  a  uniform  "sudsy" 
film  over  it.  If  not,  add  ad¬ 
ditional  diamond  paste  and 
lubricant  as  required  until 
the  "sudsy"  surface  is  achieved. 
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5.11.1.2  Turn  the  selection  knob  on  the  loaded 
polishing  tool  so  the  "P"  is  facing 
upward  toward  the  cradle  top.  This 
should  cause  the  inner  brass  face  of 
the  tool  to  protrude  beyond  the  outer 
stainless  steel  ring. 

5.11.1.3  Carefully  and  gently  place  the  loaded 
polishing  tool  onto  the  lubricated  lap 
and  revolve  it  in  a  circular  pattern 
around  the  lap. 


CAUTION:  Always  keep  the  lap  surface 
covered  with  a  uniform  sudsy 
film  -  this  is  achieved  by 
adding  small  additional 
amounts  of  lubricant  and/or 
diamond  compound.  Do  NOT 
over-wet  the  lap  with  lubri- 
cant  to  the  point  where  the 
surface  is  flooded  and  mirror¬ 
like  .  Inspect  the  contact  end 
frequently  using  a  150X  micro¬ 
scope  (rinse  the  loaded  tool 
in  water  first) .  The  desired 
fiber  end  face  should  be  free 
of  cracks  within  the  core  (when 
viewed  both  with  and  without 
fiber  illumination)  or  surface 
scratches/pits  in  the  core. 
Refer  to  figure  5.11-1. 

NOTE :  When  trying  to  remove  cracks 

or  pits  in  the  fiber  with 
diamond  lapping  techniques , 
NEVER  polish  longer  than  15 
minutes.  After  this  time, 
the  end  must  be  cut  off  and 
re terminated. 


5.11.1.4  Once  a  good  fiber  end  face/ is  achieved, 
reverse  the  carrier  one  revolution  to 


its  original  position.  Then,  push  the 
cradle  assembly  forward  and  rotate  it 
counterclockwise  so  it  disengages  from 
the  carrier.  Slide  the  retaining  sleeve 
off  of  the  cradle,  and  release  the  strength 


member  tie-off  from  its  holder. 
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5.11.1.5  Clean  the  polished  contact (s)  by  agitat¬ 
ing  them  in  a  bath  of  1  part  by  volume 
Aquasol  *1  concentrate  and  3  parts  by 
volume  water.  This  will  remove  the 
diamond  compound. 

Rinse  the  polished  contacts  by  agitating 
them  in  a  bath  of  deionized  water,  and 
then  in  a  bath  of  solvent  (isopropyl 
alcohol  or  2-propanol) .  Allow  them  to 
air  dry.  _ 

5.11.1.6  The  fiber  end  faces  should  again  be 
visually  inspected  for  cracks,  scratches 
and  pits  (with  and  without  fiber  illumi¬ 
nation)  using  a  150X  microscope.  Refer 
to  figure  5.11-1. 

5.11.1.7  Repolish  and  inspect  any  defective  con¬ 
tacts  per  paragraph  5.11. 

5.11.1.3  Thoroughly  wash  the  polishing  tool  in 
two  consecutive  clean  water  baths  or 
running  tap  water  to  remove  all  traces 
of  grit  and  polishing  compound  from  the 
grooves  in  the  face  of  the  tool.  A  wet 
scrub  brush  or  toothbrush  may  be  used  to 
aid  in  the  cleaning  process . 

Next,  rinse  the  tool  briefly  in  a  solvent 
bath  (isopropyl  alcohol  or  2-propanol) 
and  allow  it  to  air  dry. 

5.11.2  Contact  end  face  polishing  -  Method  II  (Preferred) 

5.11.2.1  Wet  the  surface  of  the  phenolic  lap 
thoroughly  with  water.  Place  one  .3 
micron  alumina  polyester  backed  polish¬ 
ing  disc,  shiny  surface  down,  over  the 
phenolic  lap.  Center  the  disc  on  the 
lap  and  work  out  any  entrapped  air  bubbles 
between  the  disc  and  the  lap. 
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Turn  the  selection  knob  on  the  loaded 
polishing  tool  so  the  "P"  is  facing 
upward  toward  the  cradle  top.  This 
should  cause  the  inner  brass  face  of 
the  tool  to  protrude  beyond  the  outer 
stainless  steel  ring. 

Thoroughly  wet  the  polishing  disc  sur¬ 
face  with  water.  Carefully  and  gently 
place  the  loaded  polishing  tool  onto 
the  wet  polishing  disc  and  revolve  it 
in  a  circular  pattern  around  the  lap. 

CAUTION:  Always  keep  the  surface  of 
the  polishing  disc  wet  with 
water,  occasionally  wiping  it 
clean  with  a  paper  wiper  to 
remove  any  loose  particles  of 
epoxy,  etc.  Thoroughly  flush 
the  face  of  the  polishing  tool 
with  water  from  a  plastic 
squeeze  bottle  to  remove  any 
traces  of  grit  from  the  contact 
end  face  and  the  tool.  Visual¬ 
ly  examine  the  precision  drill¬ 
ed  metal  end  face  of  the  con¬ 
tact  for  a  highly  polished  sur¬ 
face.  If  the  metal  is  highly 
polished,  proceed  to  step 
5.11.2.4.  If  not,  continue 
the  polishing  operation. 


Once  a  polished  surface 
reverse  the  carrier  one 
its  original  position, 
cradle  assembly  forward 
counterclockwise  so  it  < 
the  carrier.  Slide  the 
off  of  the  cradle,  and  . 
strength  member  tie-off 


is  achieved, 
revolution  to 
The,  push  the 
and  rotate  it 
disengages  from 
retaining  sleeve 
release  the 
from  its  holder. 


Rinse  the  polished  contacts  by  agitdt-. 
ing  them  in  a  bath  of  water,'  and  then 
in  a  bath  of  solvent  (isopropyl  alcohol 
or  2-propanol) .  Carefully  dry  them 
with  a  paper  wiper. 

The  fiber  end  faces  should  again  be 
visually  inspected  for  cracks,  scratches 
and  pits  (with  and  without  fiber  illumin- 
a  tion)  using  a  150x  microscope.  Refer 
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5.11.2.6  (Cont.) 

to  figure  5.11-1. 

5.11.2.7  Repoli3h  and  inspect  any  defective  con¬ 
tacts  per  paragraph  5.11. 


5.11.2.8 


If  the  cable  assembly  will  be  stored 
for  a  few  days  prior  to  final  assembly, 
the  polished  contact  ends  should  be 
protected  by  lightly  folding  a  piece 
of  masking  tape  over  the  end  of  the 
contact. 


5.12  Final  assembly 


5.12.1 


5.12.2 


5.12.3 


5.12.4 


Using  a  3/32"  Allen  wrench,  remove  the  cap  from 
the  transfer  load  bracket  by  removing  the  two 
screws.  Install  the  strain  relief  assembly  in  the 
transfer  load  bracket  so  the  flat  of  its  jam  nut 
rests  against  the  bracket  recess.  Replace  the  cap 
and  tighten  the  Allen  screws . 

NOTE:  Ensure  that  the  spacer  washer  is  seated 

around  the  insert. 

Using  a  5/64"  Allen  wrench,  loosen  the  set  screw 
holding  the  transfer  load  bracket  to  the  retaining 
shaft  of  the  insert.  Carefully  slide  the  transfer 
load  bracket  off  of  the  retaining  shaft. 

If  the  contact  ends  have  been  taped,  flush  the 
tape  thoroughly  with  solvent  (isopropyl  alochol 
or  2-propanol)  to  soften  the  tape’s  adhesive. 

Carefully  remove  the  masking  tape  from  the  contacts. 
Rinse  the  contacts  by  agitating  them  in  a  bath  of 
solvent  (isopropyl  alcohol  or  2-propanol)  to  remove 
any  residues  from  the  tape.  Carefully  dry  the 
contacts  with  a  paper  wiper. 

Using  the  contact  insertion  tool,  insert-  the  con¬ 
tacts  into  their  respective  cavities  .  in  the 
insert  (refer  to  the  cable  assembly  drawing. for 
fiber  color/connector  channel  number  correlation) . 
Make  sure  the  contacts  are  fully  locked  into  their 
cavities:- 
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5.12.4 


5.12.5 

5.12.6 

5.12.7 

5.12.8 


(Cont. ) 

NOTE:  Properly  installed  contacts  should  have 

a  small  amount  of  axial  play. 

If  the  wrong  contact  has  been  inserted  into  a 
cavity,  insert  the  tubular  end  of  the  contact  re¬ 
moval  tool  into  the  front  of  the  cavity  over  the 
end  of  the  contact  until  a  "snap"  is  felt  and  the 
tool  cannot  be  inserted  further.  Depress  the 
center  plunger  of  the  removal  tool  until  the  con¬ 
tact  is  pushed  out  the  rear  of  the  cavity.  Remove 
the  tool  from  the  cavity. 

Slide  the  insert  assembly  into  the  back  of  the 
bulkhead  shell  so  the  locating  pin  in  the  shell 
latches  in  keyway  of  the  insert  assembly. 

Slide  the  connector  housing  over  the  insert  as¬ 
sembly  and  tighten  it  into  the  connector  shell. 

CAUTION:  Do  NOT  permit  the  fibers  to  bend  in  a 
radius  less  than  1"  as  fiber  fractures 
may  occur. 

Once  the  connector  has  been  assembled,  blow  the 
dust  off  the  contacts  by  spraying  them  gently 
with  "canned  air." 

CAUTION:  Do  NOT  hold  the  nozzle  of  the  canned 

air  closer  than  1/2"  from  the  contacts. 
UNDER  NO  CIRCUMSTANCES  SHOULD  the  con¬ 
tainer  of  canned  air  be  used  in  an  in¬ 
verted  position  I 

Install  alignment  sleeves  onto  the  socket  contacts 
as  follows : 

Place  one  alignment  sleeve,  split  ring  spacer  end 
first,  onto  the  "insert"  end  of  the  sleeve  in¬ 
sertion  tool.  Press  the  alignment  sleeve  onto  the 
socket  contact  as  far  as  it  will  go,  and.  remove 
the  tool.  If  necessary,  alignment  sleeves  can  be 
removed  by  pressing  the  "REMOVE^'end  of  the  sleeve 
installation  tool  firmly  into  the  alignment  sleeve 
and  then  pull  the  tool  away  from  the  contact. 

The  sleeve  can  now  be  removed  from  the  tool. 
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5.12.9  Visually  examine  each  installed  alignment  sleeve 
to  ensure  that  its  split  ring  spacer  washer  is 
present. 

5.12.10  Remove  the  mounting  jam  nut  from  the  connector 
shell.  Place  the  dust  cover  tether  washer  over 
the  shell  threads  so  the  tab  angles  toward  the 
face  of  the  connector  and  secure  in  place  with  the 
mounting  jam  nut. 

5.12.11  Screw  the  dust  cover  over  the  end  of  the  connector 
shell  (if  applicable) . 

5.12.12  Slide  the  piece  of  shrink  tubing  over  the  knurled 
portion  of  the  inner  sleeve  as  far  as  it  will  go. 

5.12.13  Using  the  heat  gun,  shrink  the  tubing  over  the  outer 
cable  jacket  and  knurled  portion  of  the  inner 
sleeve . 

CAUTION:  Keep  the  heat  gun  at  least  3"  away  from 
the  cable  jacket  so  the  cable  is  not 
damaged  by  excessive  heat. 

5.13  Post-Test  Assembly 

NOTE:  The  following  operations  are  to  be  performed  on  the 

cable  assembly  AFTER  it  has  been  optically  tested 
and  approved. 

5.13.1  Slide  the  cable  markers  (if  any)  into  position  as 
shown  in  the  cable  assembly  drawing.  Tge  lettering 
on  the  markers  should  line  up  within  45°  rotation. 

5.13.2  Using  the  heat  gun,  shrink  the  cable  markers  over 
the  outer  cable  jacket. 

CAUTION:  Keep  the  heat  gun  at  least  3"  away  from 

the  cable  jacket  so  the  cable  is  not 
damaged  by  excessive  heat. 

5.13.3  Using  a  razor  blade,  cut  the  cable  assembly  at  or 
near  its  midpoint  -  this  will  yield  two  pigtailed, 
bulkhead  receptacles . 
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6.1  Optical  loss  testing  will  be  performed  as  described  in 
the  cable  assembly  drawing.  The  optical  loss  for  each 
channel  will  meet  the  limits  specified  or  DMR  will  be 
initiated. 

6.2  Rejected  material  may  be  reworked  as  required  if  sufficient 
cable  length  is  available. 

7.0  DELIVERY  OR  STORAGE; 

7.1  Coil  the  connectorized  cable  and  its  work  order/flow  tag 

in  a  polyethylene  bag  or  cardboard  box  and  store  until  the 
next  operation  or  shipment. 
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